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PLANT PHYSIOLOGY 

JANUARY, 1929 

STUDIES IN EXPERIMENTAL CYTOLOGY 
Charles F . Hottes 
(with four figures and one plate) 

I. Introduction 

(Jytologists have been too long content with the descriptive phase of their 
science. (Jells of widely different character, and, consequently, in most 
diverse states or phases of physiologic activity, and prepared for study by 
the application of sundry methods, have served them for morphologic study 
and physiologic interpretation. This is responsible, in no small measure, 
(1) for the widely different results occasionally reported by different inves- 
tigators working with supposedly identical material, and, (2) for the con- 
flicting views now held with reference to the nature and the mechanism of 
the spindle, the behavior and function of the nucleoli, etc. — cell structures 
that have been the object of study since the beginning of the science. 

The development of experimental cytology in recent years bids fair to 
lead us along lines of research affecting the intimate relation between the 
function and the structure of the cell organs, and through this relation to 
the discovery of the principles underlying cell activity. It has become quite 
generally recognized that the most noteworthy achievement in the progress 
of cell-study concerns, as one of the pioneers in experimental cytology says, 
4 4 die Methode der Forschung. Lange Zeit iiber eine rein deskriptive Wissen- 
schaft, versucht die Zellenlehre in der Ncuzeit den exakten Wissensehaften, 
Pliysik und Chemie, naclizueifem, die Erscheinungen nicht nur zu be- 
schreiben, sondern ursachlich zu begreifen, einerscits auf dem Wege dcs 
Experiments, anderseits durch die Anwcndung exakter Mcssmethoden” 

(13 ,p. 2). 

In following this newer line of cell-study one should never lose sight of 
the fact that during its period of activity the cell is subjected to a continu- 
ous series of chemical and physical processes induced by internal, and modi- 
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fied by external conditions or states. In the differentiated cell these follow 
a definitely fixed cycle in accordance with its specific functional activity; in 
the undifferentiated cell they pass through a regular progression of inter- 
correlated steps or phases as it advances to specific functional differentia- 
tion. Concomitant with the more or less fixed physiologic state of the 
differentiated cell, and the successive states of a mcristematie cell in its 
progress toward physiologic fixity, may be noted a considerable morphologic 
detail. In the meristematic cell progressing toward specific functional dif- 
ferentiation the structure is constantly changing, and becomes fixed only 
when the cell assumes the permanent function demanded of it as a unit of 
the organism. This unit, in a given physiologic phase and under conditions 
such as usually prevail, possesses a specific structure and function which we 
call normal. The normal, in so far as it interests the cytologist, is 
the expression in cell structure of the harmonic interaction of the several 
cell organs. This interaction in the differentiated cell differs from that in 
the differentiating cell, and the cytologist is confronted by intergrad- 
ing structures that are difficult or impossible correctly to interpret from a 
study of cells in a single physiologic phase. 

The structure and function of an egg-cell is not that of a ganglion-cell, 
and the cell from the formative region of the root differs from one in the 
region of elongation. The degree and manner of reaction of these cells to 
chemical and physical agents, in so far as it can be followed in discernible 
structure and manifest function, is determined by the physiologic state or 
phase of the cell at the time of stimulation or subjection. But those condi- 
tions, chemical and physical, internal and external, which enable the coll, 
in consequence of the harmonic interaction of its organs, to perform its 
normal functions, that is, maintain the optimum of cell activity, are by no 
means identical with the conditions at which the several cell-organs in turn 
find their optima. The 1 comparatively wide difference in the position of the 
cardinal points of activity — minimum, optimum, maximum-of the several 
cell-organs may he readily demonstrated by appropriate experiments. In 
the data later submitted and in the discussion that follows, it is apparent 
that the cytologist may, by carefully directed and controlled experiments, 
so affect the different cell-organs as (1) to excite or accelerate the activity 
of one while depressing or retarding that of another; (2) to modify com- 
pletely the normal structure and function of one or several; and (3) to 
suppress the activity and destroy the structure of one or several. This fur- 
nishes an admirable opportunity to study the interrelations and interde- 
pendence of the several cell-organs, and must prove helpful in our endeavor 
to solve the intricacies of cell -processes, and of understanding cellular 
derangements (pathologic) resulting from lack of proper coordination. 
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Plant physiologists have long recognized that the manner of response of 
mcristematio cells to stimuli is influenced or determined by the physiologic 
state or phase of the cell at the time of stimulation. Sachs (38, p. 220) 
was the first clearly to recognize this important fact, and expressed it as 
follows: "Das Organ ist heuto niclit mehr dasselbe Ding wie gestern und 
wird morgen wieder cin Ding mit andercn Eigenschaften sein, selbst wenn 
man dies an der ausseren Form und der mikroskopischen Struktur nieht 
wahrnimmt. Wird nun das sich entwickel elide, wachseiule Organ von 
ausseren Einwirkungen betroffen, welche die Art seines Waehstums vcrand- 
em, so muss diese Reaction verschieden ausfallen, je nach dem die gleiche 
aussere Einwirkung das wachsende Organ gestern, heute, oder morgen 
trifft.” . 

Recent studies in experimental cytology and those here reported, most 
clearly demonstrate that the above statement applies equally well to the cell 
organs, and that in the future, greater consideration will be given to the 
physiologic state of the cell — tissue or egg— at the time of its fixation, or of 
its subjection to the action of external agents. Most of the work in experi- 
mental cytology has been done on cells in vastly different physiologic states, 
and the effect upon them of now one and now another stimulus of limited 
range of intensity and duration of action noted. This procedure gives us 
a mass of isolated detail, interesting and valuable in itself, but difficult or 
impossible to correlate. What we most need are studies that will enable us 
to coordinate the mass of unharmonized material we now have. Progress 
along this line of cytologic study is necessarily difficult and slow. For the 
present, we may profitably apply ourselves chiefly to an accurate and syste- 
matic experimental study of the behavior, toward physical and chemical 
agents, of the several cell-organs in cells of different physiologic states. 

II. Materials and methods 

The root-tip of Vicu i faba was chosen because of its easy culture, its 
vigor, the readiness with which it responds to stimuli, and the large size of 
its cells and nuclei. Furthermore, it has been extensively used in cytologic 
study, and the recent investigations by Lundegardii (24, 25, 27) on living 
material, give opportunity to appraise the respective values of results 
obtained by widely different methods of preparation for study. In a num- 
ber of instances, the root-tips of Zca mays , Phascolus multifloras, and 
Cucurbita pepo were used for comparison. In the discussion that follows, 
all references, unless otherwise stated, pertain to the cells of the root-tips 
of Vida faba. 

Germination 

The seeds of Vicia faba, with the seed-coats previously broken to insure 
a more uniform swelling, were placed in tap water at 18 to 20° C. for 24 
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hours, the water beipg changed once. The swollen seeds were then placed 
in close proximity in a vertical position, with the micropyle lowermost, in 
a flat containing loosely packed, well-leached, moist sawdust. They were 
lightly covered with the same material, over which there was then spread a 
thin layer of dry sawdust to prevent excessive evaporation. A bed so pre- 
pared required no further watering and insured a rapid and normal germi- 
nation. In from 50 to 60 hours at a temperature of 18 to 21° C., when the 
roots were from 3 to 4 cm. long, the seedlings were transferred on small- 
meshed paraffined wire netting to a jar of tap water for the purpose of 
accommodating the roots to an aqueous medium. The cotyledons resting on 
the wire netting immediately above the water of the jar, retained all neces- 
sary moisture for active translocation of materials by inverting over them 
a shallow second vessel of the same diameter as the jar. Diseased gelatinous 
tips, such as Sachs encountered when roots of Vicia faba were cultivated 
in well water for several hours, were never met with. For treatment only 
those roots that showed approximately the same rate of growth were used. 
The experiments were usually begun at eleven o’clock in the morning, since 
preliminary examination showed that the mitotic figures were then most 
abundant. At the beginning of each series of experiments, three of the 
root-tips of the seedlings about to be used were fixed as checks for com- 
parison. 

In an experimental study as here attempted the method of procedure is 
of primary importance, and the one outlined below was finally adopted and 
strictly followed. It is the direct outgrowth of unsuccessful attempts at 
correlation of results obtained by treating for a limited time, cells in dif- 
ferent physiologic states, now with one, now with another agent. 

The physiologic state 

Cells of the same kind and origin but in different physiologic phases, 
were simultaneously subjected to the action of some physical or chemical 
condition or agent. The root-tip of Vicia faba with its clearly defined 
regions of cell multiplication, cell elongation, and cell differentiation, fur- 
nishes these conditions admirably. 

The intensity of the action 

The physical and chemical conditions or agents were applied or supplied 
through a sufficiently wide range of intensity to obtain clear evidence of 
their specific effect on the cell organs, and to determine, when possible, the 
state of excitation or depression produced. By a sufficient extension of the 
intensity of the treatment, it was possible to determine the wide difference 
in reaction, adaptation, and finally, death-point of the several cell-organs; 
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and to obs<*fve differences, if any, in the manner or degree of response in 
the same organ in its different physiologic phases. 

The time or duration of action 

It is a well established fact in general physiology that the time, that is, 
the duration of action of an external agent is a factor of considerable 
importance. To know the effect of the agent applied for a brief period is 
not sufficient. We must learn something of the manner in which a cell-organ 
adjusts or adapts itself under certain prolonged conditions of action, and 
how these adjustments, in turn, affect, through correlation and inter- 
dependence of the organs, cell function and structure. Hence, in the ex- 
periments,, the time or duration of action of the stimulus or agent was suffi- 
ciently prolonged (1) to allow a complete adaptation; or (2) to lead to 
complete exhaustion ; or (3) to cause the destruction of a cell-organ. 

To follow this cumulative effect it is necessary to use a large number 
of seedlings (100 to 200 for each series) and, while the conditions of the 
experiment are accurately maintained, to remove and fix at predetermined 
intervals, the root-tips of a given number. 

Restitution 

Whenever from an experimental series roots were fixed for study, from 
0 to 30 seedlings, similarly treated, were transferred to tap water at 18 to 
20° (\ for restitution. The successive stages in the process of restitution 
were followed by fixing three root-tips of the transferred seedlings at inter- 
vals of from 10 minutes to 1 hour. This phase of the experimental work 
has proven most interesting and has been a great help in the elucidation of 
some of the complex changes induced by the previous treatment. 

Necrobiosis or necrosis 

When seedlings from a member of an experimental series transferred to 
water for restitution, showed, through death, that the damage done by the 
treatment was irreparable, all roots of that member in the series were ex- 
cluded from further consideration. No attempt was made to follow the 
necrobiotic or necrotic (45, p. 162, 407, 412) changes in the severely injured 
cell, and such phenomena are not here considered. Our literature is by no 
means free from descriptions of such *\submortem ,, ( 11 , p. 160) structures. 

* Sections of living root-tips 

Early in the development of our science Flemming, Butschli, and 
others, recognized that the appearance of the several cell-structures, but 
more particularly that of the cytoplasm, jpay be due to the action of the 
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fixative or to the gradual changes occurring in the cell as it passes through 
successive stages from life to death — necrobiosis. 

Later, with the idea of protoplasm as a colloid rapidly developing, the 
interesting and valuable experiments of Hardy ( 11 ) and Fischer ( 6 ) 
firmly established this view, and, by the production, artificially, of struc- 
tures appearing like those generally described by cytologists, placed in 
question much of the detail of cell-morphology and physiology. 

Following Hardy and Fischer we find a growing tendency to minimize 
the cumulative results obtained by cytologists using the fixation technique. 
By resorting to ingenious and skilful manipulation of materials bearing no 
direct relation to protoplasm, Leduc (23, p. 121) and others have produced 
and explained (?) the mitotic process through the phenomena of osmosis, 
diffusion, coagulation, etc. Lundegardh, paying little or no attention to 
these physio-chemical aspects, believes that the real solution of cell -structure 
must rest with the study of the living cell. By following this method only 
can the cytologist overcome and correct the errors for which his faulty 
technique is largely responsible. 

In entering upon an extensive study of the influence of physiologic 
phase, and of physical and chemical agents on cell-structure, it becomes 
imperative that a technique above reproach should be employed. 

From the criticisms made regarding the shortcomings of the fixation 
method, and the general recognition of the justification of such criticisms 
by cytologists, there seemed but one alternative, namely, the use of the 
direct method of observation in living material, or, at any rate, the use of 
living material as a check or arbiter in the interpretation of structural 
detail. Accordingly a serious and extensive study of living sections from 
both normal and treated root-tips was undertaken. The results from such 
a study were extremely disappointing, but it was thought that perseverance 
and training in the use of the new method would finally overcome the 
difficulties and lead to success. This optimism proved ill-founded, and 
after repeated trials and comparisons, the study from living material was 
abandoned. This, to some, will seem like heresy, and disregards the dictum 
of Lundegardh ( 24 , p. 237) “ ITnd docli sind wohl keine waliren Fortschritte 
moglich, ohne dass man auf dem zuverlassigen Grund des direkt beob- 
achteten baut.” 

The reasons that prompted the abandonment of the method of direct 
observation will be fully discussed under a separate heading. A few quota- 
tions from Lundegardh ’s contributions will give, through admissions, some 
of the more apparent reasons, and will, it is hoped, hold prejudice in 
abeyance. “ Ober die allerfriihesten Stadien lasst sich am lebenden material 
keine bestimmte Auffassung bilden.” ( 24 , p. 275.) “Wenn auch — wie 



HOTTES — STUDIES IN EXPERIMENTAL CYTOLOGY 


7 


gesagt — am lebenden Material sich eine ziemlich liickenlose Auffassung der 
Morphogenese des Karyotins wahrend der Kernteilung gewinnen lasst, so 
ist doch die erzieltc Erkenntnis nicht vollstandig, und tatsachlich lasst 
einen das lebende material im Stich bei einer Anzahl wiehtiger Vorgange 
und Erscheinungen, wie z. B. der Metakinesis und den Anfangsstadien der 
Liingsspaltung in den Spiremf iiden. ' ' ( 24 , p. 237.) “Die Art des Ausein- 

andergeliens der Chromosomen, der Teilung der Kernplatte, hat man nicht 
im Leben feststellen konnen.” ( 24 , p. 277.) “Sogar ganze Kerne konnen 
infolge der Lichtbrechungsverhaltnisvse unsiehtbar sein und durch Hinzu- 
fiigen von Mitteln, die die Wasserimbibitionsverhaltnisse Oder den Chem- 
isch-pliysikalischen Zustand der Zelle veriindern, sogleieh zum Vorschein 
gebracht werden. In den Rubekernen von Vida faba, die in der Streck- 
ungszone liegen, sieht man haufig niehts ausser den Nukleolen. Nach Fixier- 
ung erweisen sie sich mit Karyosomen und Geriist versehen, wobei Zahlen- 
verhaltnisse und Analogien mit den iibrigen Kernen entsehieden lur die 
Pniformation der ersteren sprechen. ,, ( 27 , p. 252). 

FrXING AND STAINING 

In order that the effects on the cell of the various agents employed 
throughout this series of experiments should be strictly comparable, a 
single fixing agent, Hof's ( 14 , p. 67) modification of Flemming's chromic 
acid mixture, and but one stain, Flemming’s safranin, gentian-violet, 
orange combination, were used. Of the Flemming mixture Lundegardh 
( 25 , p. 214) says, “ leh liabe in einigen Fallen den Vorgang unter dem 
Mikroskop verfolgen konnen, und grossere Umordnungen schienen wirklich 
dabei nicht einzutreten (ich spreche fortwahrend von der Flemmingschen 
Flussigkeit).” 

To aid in interjiretation, and to check the method used in fixing and 
staining, the following were, in special cases, used: 0. von Roth’s, Gilson's, 
and Zenker’s fixing agents, and Zimmermann's fuclisin and iodine green, 
IIeidenhain’s iron liaematoxylin, and methvlgreen. Frequently sections 
of treated and normal roots, of roots fixed in Hof's mixture and some one 
of the fixatives above mentioned, were placed together on the same slide 
and stained by one or another method. This was done to determine the 
action of the fixative and stain on normal and treated cells, and, more 
particularly, in the study of nucleoli, etc., to guard against “Spiegel- 
fiirbung" (6, p. 197). 

The material remained in the Hof fixing agent for 30 hours, and was 
then washed in running water for 5 hours. It was dehydrated in alcohol 
of increasing concentration, cleared in chloroform, and imbedded in paraffin 
of 52° 0. melting point. The sections were cut in ribbons, as a rule 5 p 
in thickness, and fixed to the slide with Mayer’s albumen fixative. 
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III. The cells of the normal root-tip 

The cells of the normal root-tip when subjected to the various external 
agents and conditions later described, frequently show marked changes in 
structure and behavior. That these changes may be more readily recog- 
nized, a brief account of the cells of the normal root-tip is here given. 

ZlMMERMANN ( 48 ), Lavdowsky ( 22 ), Rosen ( 36 ), Hof ( 14 ), IIottes 
( 16 ), and Gardner ( 8 ), described the metabolic, interphasic, and mitotic 
cell phenomena of Vivid faba . Although these earlier studies have been 
extended and amended by the work of Fraser and Snell ( 7 ), of Lunde- 
gArdh ( 11 , 19 , 24 , 25 , 26 , 27 , 28 ), of Sharp ( 41 ), of Sakamura ( 40 ) and 
others, there still remain a number of points in controversy both as to 
detail of structure and interpretation. I feel confident that the experi- 
mental method used in the parts to follow will contribute evidence useful 
in reaching tenable conclusions regarding some of these mootable eases. 

The manner and degree of structural change and functional reaction 
which the normal cell when subjected to chemical and physical agents 
undergoes, depends upon the physiologic phase of the cell at the time of 
stimulation. Hence a characterization of the cells of the three regions of 
Sachs is of primary importance. The region at the very tip with nearly 
trimetric cells filled with non-vacuolatc cytoplasm, and with nuclei com- 
monly in active mitotic division, is the region of cell formation; following 
it, with cells distinctly elongated, cytoplasm characteristically vacuolate, 
and with nuclei less commonly in mitotic division, is the region of elonga- 
tion; finally with the elongated cells of the region just described, undergoing 
through internal differentiation the specific changes that lead to their 
mature structure and permanent function, is the region of differentiation. 
Since the above division of the cells of the root-tip into three regions is 
based entirely on the physiologic state of the cells, as was the intention of 
Sachs, it is impossible to locate the limits of the respective regions by 
distance from the tip of the root or the number of internodes from the tip 
of the stem. Failure to recognize this has led cytologists and ecologists 
into grave error. The length of the first and second zones is established 
by the influence of the factors of the environment on growth in length. 
Under the most favorable growth conditions the region of differentiation 
may be several centimeters removed from the tip, while under unfavorable 
conditions it is pushed acropetal to within a millimeter. 

The cells of the formative region are filled with a dense, floceulent cyto- 
plasm, near the center of which lies a spherical nucleus somewhat smaller 
than that of the slightly older cells. This interphasic nucleus has a reticu- 
lum of small meshes, somewhat irregular in form and size. Over this 
reticulum smaller and larger particles of chromatin are distributed. The 
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larger particles of irregular form, undoubtedly are identified with the bodies 
that LundegArdh describes as karyosomes. They are by no means con- 
stantly present, and as Sharp (41, p. 309) has observed, show no longi- 
tudinal splitting as LundegArdh reported. Occasionally the slightly irregu- 
lar reticulum above referred to, is due to the faintly distinguishable outlines 
of the telophasic chromosomes in the process of transformation, as Sharp 
maintains. The varied appearance of the interphasic nucleus in the 
formative zone as well as in others, LundegArdh (25, p. 228), is merely the 
morphologic expression of the rapid changes it undergoes from one physio- 
logic phase to the next. In the experimental section will be noted the 
intimate and direct relation between these phases and the reaction of the 
cell to chemical and physical stimulation. Contrary to the statement of 
Rosen (36, p. 265), the nucleus has a very distinct nuclear membrane. 
One or two nucleoli of spherical form, and never larger than one-third the 
diameter of the nucleus, lie in the center of a clearly defined hof. This 
hof differs in size, occasionally attaining a diameter equal to one-half that 
of the nucleus. Although very generally present in prepared material, 
it has been called an artifact by most cytologists, due to the refractive 
powers of the spherical nucleolus or to its shrinkage through poor fixation. 
Notwithstanding, the hof is here described as an intrinsic part of the 
structure of the nucleus and the convincing evidence of its reality will be 
presented in the experimental section. Mitotic figures in all phases are 
abundant and will be described later. 

In the region of elongation the cells have sufficiently differentiated to 
enable one clearly to distinguish between the three rudimentary tissue 
systems. The cells of the dermatogen soon lose their meristematic character 
and simply elongate. In the younger regions these cells are still filled 
with a rather dense cytoplasm which becomes vacuolate as you pass to the 
next older. The nucleoli, one or two in number, are always small and 
frequently have a relatively large vacuole. The hof is either very small or 
is absent. The cytoplasm of the enlarging cells of the periblem increases 
very slightly or not at all and becomes vacuolate. A short distance beyond 
the typical formative zone, the greater part of the cell is occupied by a 
single vacuole. The nuclei in the younger portions of this zone reach their 
maximum size and remain nearly spherical until flattened by the pressure 
of the enlarging vacuole. The nucleoli also are larger than in the formative 
zone, though the increase is not in the same ratio as that of the nucleus. A 
hof is present in the cells of the periblem bordering on the formative zone. 
In the slightly older cells it is not uncommon to find threads of the reticu- 
lum to cross the hof to the nucleolus. Later chromatin granules may be 
found deposited on these threads. Nemec (32, p. 316) and others have 
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described similar threads crossing the hof. A lobed or toothed nucleolus 
resulting from th$ intimate contact of the threads with the nucleolus as 
LitndegArdh ( 24 , p. 256) describes, was not observed; nor was a penetration 
of the nucleolus by the threads as stated by Gardner (8, p. 174). 

The cytoplasm of the cells of the procambial strands in the transition 
zone of the region of elongation, is flocculent and markedly denser than 
that of the younger cells of the root-tip. The nuclei in the long and narrow 
cells are usually elliptical in form, of large size, and furnished with a very 
dense reticulum over which numerous chromatin bodies, chromocentra, of 
varying size and shape, are distributed. The nucleoli are large, frequently 
elongated or lobed, and have one or more large vacuoles. A well defined 
hof is usually present. Amitoses as described by Lavdowsky ( 22 ) are 
absent. 

The metabolic nucleus, virtually absent from the zone of cell formation, 
becomes increasingly prevalent in the older regions of the zone of cell 
elongation and of certain tissues of the zone of cell differentiation. It is 
in these regions, if anywhere, that its typical form should be sought, and 
not in the cells of the root-cap, Lttndegardh ( 25 , p. 228). The cells of the 
root-cap very early pass through a series of intermediate stages, necrobiosis, 
from normal functional activity to more restricted activity and death. So, 
too, when he states (p. 228) that typical metabolic nuclei may be found 
throughout the cells of root-tips imbedded for a longer period in plaster 
of Paris, he fails to recognize that they are typical only for the cells of 
roots so treated. In fact, as will be shown later, their structure differs 
vastly from the nuclei found in the normal root-tips. 

The structure of the metabolic nucleus is correlated with the physio- 
logical functions that it performs and the nature of the tissue of which it 
is a part. In a measure, they differ from one another to the degree in 
which their functions differ. Even a cursory examination of a longitudinal 
section of a root-tip will disclose the difference in the metabolic nuclei in 
the different zones, or of epidermis and plerome. The nucleus of the 
epidermal cell with its rather delicate and uniform reticulum, few and 
small chromocentra, small nucleoli and hof, and often cyanophilic reaction, 
stands in marked contrast to that of the cell of the future tracheal vessel 
with its coarse and often irregular reticulum, numerous and large chromo- 
centra, large nucleoli and hof, and erytlirophilic reaction. 

The chromocentra have been previously described as pseudonucleoli, 
accessory nucleoli, chromatin nucleoli, prochromosomes, chromocentra, 
karyosomes, etc. They have been made the object of a more extensive 
study both in the living and fixed cell, by Lundegardii ( 25 ) who suggested 
the term karyosome. To the use of this term Tischler ( 44 , p. 65) finds 
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objection, and uses the term chromocentra proposed by Baccarini ( 2 ). The 
number and size of the chromocentra is undoubtedly influenced by the 
metabolic state of the cells of Vida, as was observed by Rosenberg ( 37 ) 
and IIuie ( 17 , 18 ) in the cells of the tentacles of Drosera. The observa- 
tions of Rosenberg and others [Tisohler ( 44 ) p. 65] that the number of 
chromocentra — prochromosomes— as in Capsella is the same as that of the 
chromosomes, is not true for Vida. The reticulum of the metabolic nucleus 
in these regions of the root-tip shows no areas of denser nature such as 
Sharp ( 41 , p. 310) described and assumed to represent the chromosomes 
of the previous telophase, but is like that of Fraser and Snell ( 7 ) and of 
LundegArdh ( 25 , 28 ). 

In the early prophase the reticulum of the interphasic or metabolic 
nucleus gives way to a single slender thread that is much convoluted and 
becomes more and more basophilic as its development proceeds. This 
transformation takes place in the interphasic nucleus of short rest period 
after the manner described by Sharp ( 41 , p. 311). The anastomosing 
branches of the nuclear reticulum are gradually withdrawn while the area 
of the reticulum constituting the telophasic chromosome undergoes con- 
densation. In the less favorable stages of the interphase, and, more 
particularly, in the metabolic nucleus where no areas that might be desig- 
nated as the telophasic chromosomes are observable, the condensation takes 
place into what appears as a continuous thread and shows no distinct ends 
of the chromosomes. [Tikchler ( 44 ), p. 113]. 

The thread formed by one or the other method is not of uniform con- 
sistency or composition. That it varies in consistency is universally recog- 
nized; that it varies in composition is one of the most debated of nuclear 
phenomena (Wilson ( 47 ), Sharp ( 42 ) |, and most difficult of solution. 
Its solution, for obvious reasons, is impossible from studies in vivo, and 
stains and micro-chemical reactions seemingly have increased our difficul- 
ties. Experimental cell-physiology apparently is destined to furnish the 
key. In its earlier and slender stage the thread shows a distinct transverse 
banding as first observed by Pfitzner in 1881 and since described in num- 
bers of cases in the spirem of both plant and animal nuclei. The existence 
of these basiehromatic bodies, chromomeres, in regular alternation with 
oxyehromatic fields in the thread, is challenged by a number of observers. 
Tisciiler ( 44 , ]>. 312) once an ardent supporter of the chromomere theory, 
closes his discussion as follows: “Van Wikselingh (1899) sowie Gregoire 
(1906, 1907) und seine Sehule, Martins Mano (1904), Stomps (1910), 
Lundegardh (1912c, 1913a), Sharp (1913, 1920b, 1921, S. 155) zeigten 
aber m. E. unwiderleglich, dass es sich dabei oft um eine Verallgemeinerung 
einzclner Zufalls-Strukturen handle.” After such a strong statement it 
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would seem folly to reopen the question. But a critical examination of 
the evidence given by Tisciiler and others, by no means shakes the confi- 
dence in the observations made on the normal cells of Vicia supported and 
extended by the experimental results later to be discussed. Structures 
that have been observed in vivo (Chambers) ; that reappear with distinct- 
ness and in constant alternate succession on the spirem before condensation 
in numbers of plants and animals; that may be separated by the pull of 
the micro-dissection needle (Chambers) ; that occur and reoccur in char- 
acteristic sequence, form, and position through successive generations in 
the spirem of Phrynotettix [Wenrioh (46)|] ; that support and are sup- 
ported by theories of heredity, and confirmed by experimental studies in 
genetics, are by no means “Zufalls-Strukturen.” 

A splitting of the chromocentra and their transformation into paired 
threads from which the chromosomes are built up as Lundegardii (25, p. 
256 ) describes, was not observed. The chromocentra gradually fade away 
in the manner described by Sharp (41, p. 312 ) and the material is incor- 
porated with that of the developing skein. The thread now undergoes a 
longitudinal splitting, though the manner in which this occurs is not clear. 
Median vacuoles appearing as narrow slits such as described by Notiinagel 
(33, p. 453) were not observed. Vacuolization in the normal chromosome 
of the telophase as Chamberlain (3, p. 209 ) describes, is evident, and in 
some of the treated cells later to be described, extremely marked. Follow- 
ing the longitudinal fission the thread becomes shorter and thicker, and 
forms into a dense mass surrounding the nucleolus. In this stage all trace 
of a split is lost through temporary fusion. In preparations not too densely 
stained and with strong light, the nucleolus, somewhat reduced in size and 
frequently irregular in outline, may still be seen in the center of the mass. 
While in this intimate contact with the chromatin thread, it rapidly 
decreases in size and finally entirely disappears through solution. Tin? 
rate of solution differs with the nature of the cell, and is greatly affected 
by the environment. The idea of Rosen (36, p. 272 ) “vielleicht spiclen 
aueh hier Email rungs- und Wachsthumsbedingungen der Organe, wclchen 
die Kerne angehorten, eine Rolle” is confirmed in the experimental part. 

While the thread shortens and thickens as described, the fundaments 
of the spindle appear in the form of delicate kinoplasmic structures usually 
on opposite sides of the nucleus. In these fundaments, at first low and 
dome-shaped, later conical, the kinoplasmic fibers may frequently be seen 
to diverge from several points (multipolar diarch), and later from a single 
point-bipolar diarch [Strasburger (43), p. 118]. According to Devis£ (5) 
and Robyns (35) these pole caps are of intranuclear origin and are inti- 
mately connected with the change in size which the prophasic nucleus 
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undergoes. With the shrinkage of the nucleus in the later spirem stage, a 
polar flattening takes place due to the exudation from the nucleus of part 
of its karyolympli. This karyolymph meeting with the cytoplasmic fluid 
forms, through gelation, a homogeneous mass, the polar caps. The presence 
of fibers in these caps is attributed by them and others, to bad fixation. 

For the present I must adhere to the statement above made, and agree 
with Allen (1, p. 281) that the spindle is of both nuclear and cytoplasmic 
origin, and that the fibers are real and perform a definite function in the 
mitotic process. A fuller discussion is reserved until the experimental 
evidence has been presented. When the closely wound thread opens and 
flattens into the equatorial plate, the paired superimposed chromosomes 
lie in a single plane. Repeated counts showed 2 long and 10 short 
|Sakaml t ra ( 40 ) J. 

The spindle is now completely formed and consists, contrary to Devis£ 
(5), of two sets of fibers, (1) those of the central spindle running from 
pole to pole, and (2) the mantle fibers running from the place of insertion 
on the chromosome to the poles. The insertion of the fibers is near the 
middle of the 2 long and near the end of the 10 short chromosomes. 

Slight deviations from the normal position of the mitotic figure are not 
infrequent in the cells of the normal root. They are largely due to space 
relations. In the broad but relatively short cells of the periblem, the 
mitotic figures not infrequently are placed diagonally in the cell and 
the chromosomes of the equatorial crown may not lie in a plane. By the 
rotation of the phragmoplast in the process of wall formation, the cell w r all 
is usually formed perpendicular to the long axis of the root. It is clear 
that in such cases the polar caps do not indicate the polarity of the cell as 
maintained by Robyns (35). 

The anaphase and telophase have been very fully described by others. 
They shall receive further attention after certain features contributed by 
the experimental section have been described. 

Part I 

1. The effects of pressure on the cells of the root-tip 

A. Root-tips imbedded in plaster op Paris blocks 

The seedlings were grown in a manner already described, and when 
the roots had reached a length of 2 cm., they were thrust into a rather stiff 
mixture of plaster of Paris and water, as described by Pfeffer ( 34 , p. 239). 
The plaster of Paris block must not be too small or the pressure exerted 
by the growing root will cause it to burst. The seedlings, with roots so 
imbedded, were placed in shallow pans of water at 18° to 20° C., and fixed 
at intervals of 24 hours for a period of 30 days. It was found that it would 
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not do to free the root from the plaster of Paris block before fixing. When 
freed before killing the root elongates considerably, as will be described 
later, and thus disturbs the true relations of the cells and cell structures. 
To prevent this, the seedling, with the block somewhat pared down, was 
immersed in the fixing agent for several hours for initial fixing. The roots 
were then freed of the adhering plaster of Paris and placed in fresh fixative 
for the usual time. 

The changes occurring in the cells of imbedded roots during the first 
two days are marked; after that the difference is one of degree only. For 
description the cells of a root-tip imbedded for five days has been chosen. 

The cytoplasm in all of the cells is greatly reduced in quantity, and is 
of a delicate floeculent structure. Rather course fibers staining deeply with 
the gentian-violet, are frequently found irregularly distributed through it. 
Occasionally, structures of a similar nature form a number of concentric 
rings with a small dense body in the center (fig. 1, pi. I). The regions of 
meristematic cells have been reduced fully one-half, and, in many respects, 
the cells present an appearance not unlike that of the inanitiated roots, to 
be described later. The zone of elongation has correspondingly decreased, 
and the tracheal tissue has moved acropetal to within 2.5 mm. of the tip 
[Pfeffer (34), p. 351; Natiiansoiin (29), p. 680], and the fundament of 
the youngest lateral root, to within 5 or 6 mm. of the tip. In the large 
vacuoles of many of the prematurely aged cells lie heaps of bodies staining 
orange. 

The nucleus is smaller than in the corresponding physiologic zone of 
the normal root. Its reticulum is very coarse, dense, and basiphilous; here 
and there the individual meshes seemed to be enlarged, but, closer examina- 
tion shows that this apparent enlargement is due to a branch of the greatly 
modified hof. This branch can readily be followed through the reticulum 
to the nuclear membrane. Where it meets the nuclear membrane this is 
raised in the form of a blister (figs. 1 and 2, pi. I), and gives the nucleus 
an amoeboid appearance. 

The greatly reduced nucleolus, 1/3 to 1/15 the diameter of the normal, 
and spherical, disk, or lens-shaped, lies against the wall of the irregular 
hof. It stains normally and vacuoles are generally absent. 

The cells near the tip continue to divide mitotically for approximately 
four days. Owing to the continuance of the nuclear and cell division 
without the possibility of elongation, the cells become greatly reduced in 
size (fig. 3, pi. I), and differ from those of the greatly shortened zone of 
elongation in that the walls are not thrown into folds (entspannt). The 
difference in the size of the cells that did not divide, as seen in the figure, 
and those that did, is easily recognized; also the difference in the size of 
the nuclei [cf. IIallbauer (10) p. 15]. 
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In the normal root the cells of the periblem very soon lose the power 
of division and then simply increase in size. If this increase be prevented, 
as by imbedding in plaster of Paris, the cell walls continue to grow by 
intussusception and are, therefore, thrown into folds, or are buckled, or 
send tube-like projections into the intercellular spaces. Pfeffer ( 34 , p. 
311, 321) first called attention to this buckling under conditions similar to 
those described above. 

Apparently all growth soon ceases and the cells more than 2.5 mm. from 
the tip pass prematurely into permanent tissue. Mitotic divisions cease in 
the very short meristematic zone of the tip but will start anew very soon 
after the root is freed from the plaster of Paris cast. In this connection 
it is interesting to note the very rapid growth of the tip if, by chance, the 
root under high turgor pressure [Pfeffer ( 34 ), p. 300] pushes off an all 
too thin layer of the plaster and thus frees its tip. The first and very rapid 
elongation is due to the straightening of the buckled cell walls. The first 
apparent cellular changes consist in a slight increase in the quantity of the 
cytoplasm and the disappearance of the violet threads from the same. 
Then the nucleus slightly enlarges and regains its regular spherical form. 
The reticulum remains coarse and narrow meshed for some time, and chro- 
matin in the form of chromocentra collects on the reticulum. The hof and 
nucleoli appreciably enlarge, and the irregular processes that the hof had 
sent to the nuclear wall disappear. 

After 10 hours the mitotic figures reappear in increasing numbers. 
They are, except for size, in every respect normal. The spindle, owing to 
the irregular arrangement of the cells, is very frequently placed at an angle 
to the longitudinal axis of the root. The walls, however, are normally 
formed by the rotation of the pliragmoplast. 

When in the process of imbedding, air bubbles lodge along the course 
of the root, the small chambers thus formed are readily filled with tissue 
as shown in figure 4, plate I. Here the outermost layers of cells are more 
or less disorganized, while the cells of the first intact row are distinctly 
elongated in a direction perpendicular to the long axis of the root. This 
elongation becomes less marked in each successive row, and ceases in the 
third to the fifth row inclusive, as shown in figure 4, plate I. This growth — 
plastic growth — is the same as that responsible for filling in the intercellular 
spaces. Nuclear and cell divisions never occur in connection with the filling 
in of small chambers. 

B. The growth of roots in plaster molds 

The object of this series of experiments was to determine the manner in 
which lateral chambers in a mold, of various sizes and at different levels 
from the tip, were filled in by growth. 
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The molds were made as follows: Large flat plates of plaster of Paris 
1 cm. in thickness were cast and then cut into blocks 3x2 cm. Two such 
blocks were placed with their smooth faces in contact and securely wired. 
By means of a steel instrument of approximately the same diameter as the 
root, a passage 2 cm. deep was so bored that one-half appeared in each 
section of the mold. The mouth of the passage was then enlarged as shown 
at a, figs. 1 and 2. The two halves of the mold were then separated and 
corresponding lateral chambers cut in the respective halves (figs. 1 and 2). 



Figs. 1 and 2. Molds of plaster of Paris for study of root growth. 

The halves of the mold were then brought together again, reinforced by a 
piece of wood the size of the mold, and the whole securely wired together. 
A root about 2.5 cm. long was placed in the passage provided, and the 
widened mouth filled with plaster of Paris. The plaster of Paris served to 
keep the root in a fixed position and prevented it from backing out when 
the tip met with resistance. The heavy cotyledons were held in place by 
a pin thrust through them and into one of the blocks of wood. The seedlings 
thus prepared w r ere immersed in tap water nearly up to the cotyledons. 
By the use of molds of this character, the roots may be made to assume 
almost any conceivable form, fig. 3. 

The extent and nature of the growth by which the chambers of the 
mold are filled, vary with the form of the chamber and the distance it is 
placed from the tip of the root. A root secured in a mold as illustrated 
in fig. 2, soon reaches the end of the passage and is effectively hindered from 
further growth in length. For a number of days, approximately five, 
nuclear and cell division continue and form cells which in size are very 
much below the normal for the zone. While this is going on, the lateral 
chambers of the mold are gradually being filled with tissue by a localized 
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A 1 \ C ]) 

Fig. 3. Roots grown in molds similar to those of figs. 1 and 2. Outgrowths into lateral 

chambers shown in B, C, and D. 

growth in thickness (fig. 3). This growth, by which ultimately an entire 
cavity is filled is distinctly of two kinds, the mode being determined by the 
distance of the cavity from the tip. Before entering upon a description of 
these two kinds of growth, it is essential that we have clearly in mind the 
nature of the cells, as described for root-tips imbedded in plaster of Paris 
blocks. The meristematic cells form a very short region of the tip, and 
the tracheal elements (permanent tissue) have moved acropetal to within 
2 mm. of the tip. At this level, the periblem cells have lost the power of 
nuclear and cell division but still retain the power of growth as demon- 
strated by the folding or buckling of the walls. A lateral cavity situated 
in this region will, therefore, be filled by the elongation, laterally, of the 
cells of the periblem and a gliding of the cells past one another towards the 
area of least pressure (figs. 4 and 5, pi. I). The process may be compared 
to the filling of a mold with some plastic mass, and the term “plastic 
growth” may appropriately be applied [Pfeffer ( 34 ) p. 268]. 

In the region in which the tracheal elements have developed, a growth 
in thickness by nuclear and cell division very early takes place in the peri- 
cycle. This is demonstrated most readily by imbedding the tip of a root 
for only a few millimeters in plaster of Paris, thus preventing growth in 
length without checking growth in thickness. Such a root will show in a 
few days a marked increase in thickness on a level with the developed 
tracheal elements, but this gradually diminishes toward the older regions 
of the root. A microscopic examination will show this growth in thickness 
to be due to nuclear and cell division in the pericyele. In roots allowed to 
remain for some time thus fixed, a change in the rate and position of the 
thickening will take place. The reason for this becomes obvious when roots 
(fig. 3 D) grown in molds as illustrated in figure 2, are microscopically 
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examined. It is of interest to note that although the cavities are of equal 
size, the lateral growths of the root vary in size, decreasing in either direc- 
tion from the third above the tip. A microscopical examination shows very 
clearly that the lateral growths from 1 to 2 mm. from the tip are produced 
by the enlargement laterally of the cells of the periblem, i.e., by ‘ ‘plastic’ ’ 
and “gliding” growth. The chambers near the tip, if limited in size, are 
rapidly filled; those at a greater distance from the tip fill more slowly 
because of the different mode of growth. Here the filling in is due to 
nuclear and cell division taking place in the pericycle and pushing the 
tissue of the periblem before it. If the chamber is large enough, the tissue 
of the periblem is followed by the new tissue arising from this local and 
premature growth in thickness within the pericycle. The cell division in 
the pericycle will continue for some time after the chamber has been filled, 
but ceases when the already very narrow cells have been further reduced 
in size by cell division without the concomitant cell-stretching. 

In contrast to the “plastic growth” earlier described, the growth just 
discussed may be designated as “correlation growth,” [Pfeffer ( 34 ); 
Hering ( 12 ) J that is, a growth by nuclear and cell division that is directly 
related to and initiated through the interruption of the growth at the tip. 
At first sight, this correlation growth would seem to be nothing more than 
the normal growth in thickness. That this is not the case is readily seen 
by reference to figure 3 D. In this root the fourth lateral outgrowth, in a 
region in which the growth in thickness would normally be more active 
because the fundaments are older and farther developed, is, nevertheless, 
considerably smaller than the second or third from the tip. 

The cytoplasm, nucleus, nucleolus, and hof present the characteristics 
already described under A. 

C. The growth of roots under lateral pressure 

In the present section it is the intention to follow the method of growth, 
and, more especially, to determine the position of the mitotic spindle in 
roots of Yicia faba placed under strong lateral pressure. 

Kny was the first experimentally to follow a modification of growth in 
plant tissue as determined by lateral pressure. “Sic geben fur das Pllan- 
zcnreich den ersten experiment ellen Nachweis, dass es moglich ist, d i e 
Orientirung der Kernfigur und damit die der Theil- 
ungswand dadurch zu best im men, das man durcli Zug 
bezw. I)ruck dem vorhergehenden int on si vs ten Wachs- 
thum eine bestimmte Riehtung willkurlieh aufnothigt” 
[Kny ( 19 ), p. 390]. It must be here stated that Kny reached the above con- 
clusion from a study of the j)osition of the cell walls ; the orientation of the 
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mitotic figure was not observed. N£mec (30, p. 214) repeated the experi- 
ments of Kny and paid particular attention to the position of the mitotic 
figure. He confirms Kny's results in so far as the orientation of the cell 
wall is concerned, and adds that the pressure experimentally applied, 
modifies the periplast (p. 242) and through it determines the orientation 
of the mitotic spindle, and, consequently, the cell wall. He says, “Ich 
wiederholte einige Versuche, die in dieser Beziehung von Kny ausgefiihrt 
wurden (mit Kartoffeln, Wurzeln von Helianthus annuus, Pisum, 
und Vicia) und fand, dass durch Zug oder Druek die bipolare hyaline 
Spindelanlage oder wenigstens die Achse der achromatischen Faserchen 
orientirt wird. Die Richtungen dieser Achsen stimmen aber mit den 
Richtungen der geringsten, durch Zug oder Druck eines homogenen festen 
Korper inducirten Elasticitat liberein.” [NSmec (31). p. 247]. From 
the above and also from his discussion on page 242, it is apparent that 
Nemec assumes that the orientation of the spindle in the cells of roots 
growing under lateral pressure is due to a modification of the form of the 
“periplast.” The periplast with its fluid content is spherical when in com- 
plete equilibrium, and becomes elliptical through lateral pressure acting on 
the cytoplasm. From this one may infer that N£mec supposed the cytoplast 
to be equipotential, that is, isotropic, and that the change in the form of 
the periplast is due to a change in the cytoplasm in consequence of which 
it fails to transmit pressure as does a liquid. 

In a second contribution Kny again takes up the influence of pressure 
on cell division and, so far as pertains to his study of the root-tip of Vicia 
faba , still holds to his former view, though he modifies it as follows: “Es 
z e i g t s i eh h i e r, w i e auch an anderen 8 1 e 1 1 e n d e s Wurzel- 
q u e r s c h n i 1 1 e s, dass die D r u c k k r ii f t e den durch E r b 1 i c h- 
k e i t vorgezeielineten Zelltheilungsvorgangen bis z u 
einem gewissen Grade entgegen wirken, sie aber nicht 
vollstandig unterdriicken” [Kny (20) p. 77], 

The method used for placing the root under lateral pressure is a modifi- 
cation of the one used by Kny in his earlier work [Hotter (16), p. 41]. 
Two pieces of plate glass 12.5 cm. square are held together by wooden strips 
in such a manner that while they meet along their lower edges there is a 
distance of about 3 mm. between the upper edges. This distance is main- 
tained by the insertion of small cork plugs (fig. 4). The width of the 
wedge formed by the two plates could be readily varied by simply sliding 
the wooden strips up or down. Between the two wooden strips on one side 
was placed a rather strong nickeled steel spring. This gives a constant 
pressure upon the growing tip. 

The seedling was placed in position by carefully shoving the root beween 
the converging plates until its tip met with a considerable resistance. The 
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Fig. 4. Glass plate apparatus for producing lateral pressure upon growing roots. 

whole was then placed in a dish of tap water reaching nearly to the coty- 
ledons. The apparatus was slightly inclined until the root-tip had by 
growth wedged itself between the glass plates, when it was placed in a 
vertical position. Curvature of the tip was by this greatly reduced. When 
the root had firmly established itself, the wooden bars were moved upward 
sufficiently to slightly compress the spring. In the wider portion of the 
wedge, the root grew quite rapidly, but when it reached the portion where 
the plates were only 0.5 mm. apart, growth in length was greatly retarded 
and soon ceased. With this retardation or cessation of growth in length, a 
growth in thickness, parallel to the plates would very soon manifest itself. 
This latter growth reached its maximum about 3 mm. from the tip, and 
then decreased in both directions, though the more rapidly toward the tip. 
This zone of maximum growth agrees perfectly with the growth in thickness 
described under A and B as 4 ‘correlation growth.' ’ 

For reasons similar to those stated under A, it was found necessary to 
kill and partially fix the root-tips before freeing them from the glass wedge. 

Cross-sections at different levels of root-tips grown as above described, 
agree with the results reported by Kny and N£mec in so far as size relations 
and number of cells are concerned. In several cases the difference in the 
number of cells parallel and perpendicular to the glass plates was consid- 
erably larger than that given by these investigators. Although the number 
of cells parallel and perpendicular to the glass plates of the wedge is essen- 
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tially that reported by Kny and N£mec, I am convinced that this difference, 
as also the orientation of the cell walls and mitotic figure, can be accounted 
for by the forms of growth discussed under A and B. 

When the root growing into the ever-narrowing wedge finally reaches 
its limit of growth, the cells of the tip and of the periblem perpendicular 
to the glass plates show essentially the same characters as described under A. 
The cells of the tip when further advancement of the root-tip is mechanically 
prevented, continue to divide mitotically but fail to elongate in the normal 
axial direction. A high turgor pressure is developed in such cells, and, in 
consequence of it, the cell is deformed by sending processes into the inter- 
cellular spaces. On the free sides, that is, the sides opposite the pressure, 
elongation is more extensive and the cells more regular in size and shape. 
A cross-section of such root-tips frequently shows distinct evidence of a 
gliding growth. The cells in the diameter perpendicular to the glass plates 
are soon mechanically prevented from farther elongation; those in the 
diameter parallel to the glass plates are free to elongate in that direction- 
In the angles formed between these cell complexes, the lines of a gliding: 
growth are very apparent (fig. 6, pi. I). By careful comparison of the 
cross-sections of a large number of roots, 1 find that the mitotic figures, so 
long as cell division in the tip and the j)eriblem continue, are normally 
oriented. The difference in the number of the cells on the sides under 
pressure as compared with those not under pressure is not due to the orien- 
tation of the spindle through pressure. From a study of longitudinal 
sections of roots treated as above, it is very evident that the cause must be 
attributed, for the greater part, to plastic and gliding growth (fig. 7, pi. I). 
In addition to this, correlation growth brought on by the cessation of divi- 
sion in the cells that are mechanically prevented from enlarging and the 
acropetal movement of the permanent tissue plays an interesting and im- 
portant part. Under A and B it was shown that cell division in both the 
tip and the pericycle, ceased when the cell was reduced in size by nuclear 
and cell divisions without the concomitant stretching. 

In roots subjected to lateral pressure, a growth in thickness very soon 
starts. This shows the same peculiarity as that already described in sec- 
tions A and B, being most rapid at a point a little back of the end of the 
tracheal elements. This growth, “correlation growth,” is due to the multi- 
plication of the cells of the pericycle, perpendicular to the long axis of the 
root, and is induced by the retardation or cessation of the growth of the tip. 
The normal growth in thickness, starting later, will eventually overtake 
that described as correlation growth. In both these modes of growth in 
thickness the mitotic spindles are normally oriented, that is, perpendicular 
to the long axis of the root. On the sides of the root not subjected to 
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pressure nuclear division and growth continue ; while on the sides subjected 
to pressure the nuclear and cell divisions cease when the cells reach a 
minimum size. 

The most interesting and conclusive evidence in support of the above 
is offered by the study of longitudinal sections of a root grown under 
pressure. If longitudinal sections perpendicular to the glass plates be 
made to the center of the root, and the root reimbedded and cut in a plane 
parallel to the glass plates, the cells in the pericycle will appear respectively 
as represented in figs. 8 and 9, pi. 1. In 9, the nuclear and cell divisions 
have continued until a large number of rather small and closely packed 
cells have been produced. The mitotic figures, as represented, are normal 
in position, and at this time, because of the few cells of even average size, 
very few in number. Soon, all divisions in this plane will cease, fell 
division and growth, however, will continue in a direction parallel to the 
glass plates. 

The mitotic figures in every phase appear normal, and but for occasional 
exceptions due to irregularities of the cells on account of varying space* 
accommodation, are placed perpendicular and not parallel to the glass 
plates. In no case examined could there be found any indication of an 
effect on the early mitotic phases such as Nemec describes (31 p. 246). 

The cells of roots treated as described in sections A, B, and C show 
many points of similarity. By the methods of experimentation used, the 
roots in each case were mechanically prevented from growth in length. 
This inhibition affected both the internal structure of the cell, and the 
manner and rate of growth in thickness of the root. 

The cytoplasm of the tip cells is rapidly reduced in quantity, though 
its structure is not materially changed. In the cells of the formative 
region, it has been reduced from one-half to two-thirds its normal extent, 
and peculiar heavy violet threads or concentric circles are quite common. 

The cells of the periblem lose their cytoplasm far more rapidly than do 
the cells of the pleromc or the initial cells of the tip. This loss of cytoplasm, 
however, does not affect the turgor of the cells as has been shown [Pfeffer 
( 34 )], and as will appear in a subsequent discussion. In the cells in 'which 
the turgor has been greatly increased large numbers of spherical bodies are 
usually found. 

The nucleus of the formative region is somewhat smaller than that in 
normal cells of similar position and size. The reticulum is very dense, 
owing to its fine meshes and apparently abundant chromatin. The nucleo- 
lus is greatly reduced in size, varying from 1/3 to 1/15 the diameter of 
the nucleolus in similar cells of the normal root. The hof is absent or 
greatly reduced in size, and frequently sends an irregular canal to the 
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nuclear membrane. At the point where this canal meets the nuclear mem- 
brane the latter frequently shows a papilla-like protrusion. 

Nuclear and cell divisions continue for some time in the formative region 
even when the cells are mechanically prevented from further growth (fig. 3, 
pi. I). The size of the nuclei in these newly formed cells is distinctly 
smaller than in the contiguous larger cells. This with the reduction in 
quantity of the cytoplasm already stated are of interest in connection with 
the “nucleus-plasma-relation” of IIertwig (13, p. 4). The nuclear and cell 
divisions soon cease, and the metabolic nucleus remains apparently un- 
changed for a period of 30 days. Up to and including this period, the 
roots begin at once to elongate when freed from the mechanical hindrance. 
This elongation is due to the high turgor pressure in cells with buckled 
walls. Nuclear and cell divisions occur in from 5 to 24 hours. The division 
of the nucleus is always preceded by a slight increase in the cytoplasm. 
The mitotic figure is normal, but undersize. 

All the mitotic figures both in the formative region of the tip and in the 
pericycle are normal, except for size. In no case was evidence found in 
support of the aggregate condition of the cytoplasm, which by transmitting 
pressure unlike liquids, exerts an orienting influence on the mitotic figure 
through a deformation of the periplast [Nemec (31), p. 226J. The orien- 
tation of the mature spindle is normal, and the difference in the number 
of cells, etc., parallel and perpendicular to the plane of pressure [cf. 
Hotter (16) p. 43 J is due to plastic and gliding and correlation growth 
| Kohler (21) J. 

In a root whose tip is prevented from further growth, the tracheal tissue 
moves acropetal to within 1 or 2 mm. of the tip, and a correlation growth 
in the pericycle very soon starts. 

When the cells of the periblem have lost the power of nuclear division, 
they are still in a stage of active growth. 

In roots subjected to lateral pressure between two glass plates, active 
cell growth in the periblem continues on the free sides. This is exactly 
comparable to the filling of the cavities in plaster of Paris molds as 
described under B. 

If further growth of the tip of the root is mechanically prevented by the 
converging glass plates and cell division has ceased, the walls of the cells 
continue to elongate by intussusception and are thrown into folds, or buckle, 
as shown in figure 4, pi. L. This buckling of the membrane takes place 
while a very high turgor is maintained in the cells [Pfeffer (34), p. 296], 
and suggests further work on the relation between turgor and growth by 
wall-stretching [Davenport (4), p. 73]. By this process of plastic growth 
the regular arrangement of the cells becomes disturbed to a greater or less 
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degree and a process of gliding growth ensues as at a, fig. 7, pi. I. This 
gliding growth, so manifest in longitudinal section, accounts for the follow- 
ing statements by Kny: “Die Rindenzellen greifen unregelmassig zwischen 
einander ein” ( 20 , p. 77). This growth, however, is of relatively small 
interest as compared with that due to nuclear and cell division in the peri- 
cycle. Growth in thickness normally begins in the older and proceeds to 
the younger regions of the root. When growth in length is prevented, a 
growth in thickness in the younger regions lying from 2 to 5 mm. back of 
the tip begins. This produces a swelling, which falls off abruptly toward 
the tip and more gradually in the opposite direction. Such an abrupt and 
local growth in thickness was obtained in roots of Vieia many times and in 
different ways. In fact, any agent that destroys or inhibits growth at the 
tip, is likely to produce this local thickening through correlation growth. 
Figure 10, pi. I, represents a root of Vieia, that was grown in moist air and 
dipped in cold water for an instant every day. Saciis (39, p. 801) produced 
similar roots by the same method. He further observed a similar thickening 
in a root of Monstera, which, while growing along horizontally, struck with 
its growing tip a rough wall. IIofmeister ( 15 , p. 161) before Sachs, had 
observed a similar thickening when roots of Zea, mays grew against the 
bottom of the flower pot. Both Hofmeister and Sachs at first attributed 
this thickening to a telescoping of the tender cells when the tip is mechani- 
cally stopped and growth in the regions behind it continues. When Sachs 
obtained similar results on roots in moist air, he gave up this idea without 
attempting an explanation. 

From the above it is apparent that there exists a definite relation between 
the retardation or inhibition of the growth of the tip and this peculiar 
mode of growth in thickness. Further, by alternately recurring conditions, 
now favorable, now unfavorable to growth in length, a more or less monili- 
form root may be produced (fig. 10, pi. I). It is apparent, then, that 
this form of growth is due to stimulation, and Pfeffer's term, “correlation 
growth” may be applied to it. 

Anatomical and cytological studies show conclusively that this mode of 
growth is due to premature nuclear and cell divisions in the pericycle 
induced through stimulation. The orientation of the spindle, and conse- 
quently the position of the cell wall, is not determined as Kny, N£mec, and 
Giesenhagen (9, p. 45) maintain. The tissue differentiation within the 
root-tip whose growth is mechanically or otherwise retarded or inhibited, 
determines through correlation the character of the subsequent growth, and, 
consequently, the orientation of the mitotic spindle. This premature 
growth in thickness in the region near the tip starts in roots imbedded in 
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plaster of Paris, or growing between glass plates, but soon ceases with the 
reduction in the size of the cells, and is easily overlooked. It can be readily 
detected if chambers are provided in the region of the root immediately 
behind the tip, as at the second and third lateral growths from the tips in 
figure 3D. In roots subjected to lateral pressure, as described under C, 
few nuclear and cell divisions occur perpendicular to the plates because 
of the rapid decrease in the size of the cells. In such as do occur, the 
orientation of the mitotic spindle is normal, that is, the axis of the figure 
coincides with the radius of the root. On the sides not under pressure 
this growth in thickness continues and forms a considerable tissue. The 
manner of growth is not readily followed in cross-sections, as Kny and N£mec 
evidently studied, but in longitudinal sections prepared as described under 
C, and as represented by figures 8 and 9, pi. I, is easily apparent. 

What has been said of the spindle in < i correlation growth” holds equally 
well for the normal growth in thickness further removed from the tip. The 
statement of Kny, “Bei Zelltheilungen suchen sich die Scheidewande in der 
Richtung des Druckes und scnkrecht zur Richtung des Zuges zu stellen” 
(20, p. 96), does not agree with the observations here recorded on Vicia. 

Summary 

In roots of Vicia faba whose tip is mechanically inhibited from further 
elongation, nuclear and cell division continue for approximately five days. 

Nuclear and cell division cease when the cell reaches a minimum size. 

The turgor in such cells may rise many fold above that of normal cells 
of similar age and position. 

Nuclear and cell division in cells of minimum size may again recur when 
the inhibiting agent is removed, and the interval following the inhibition 
has not been unduly prolonged. 

Turgor, perhaps, more than minimum size, is the inhibitor of nuclear 
division. 

The inhibition of nuclear and cell division and of elongation promotes 
internal tissue differentiation. 

The tracheal tissue may move acropetal to within 2 mm. of the tip. 

The premature internal differentiation starts nuclear and cell division 
in the pericyclc and leads to a growth in thickness induced through corre- 
lation. 

The mitotic figure in every instance is normal in form and orientation. 

In cross sections of roots under lateral pressure the number of cells 
parallel and perpendicular to the line of pressure is due to plastic and glid- 
ing and correlation growths. 
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The radially placed spindle and the resulting cell walls are identically 
formed and oriented in the earliest stages of correlation growth induced by 
the inhibition of longitudinal growth. 

In the later phases nuclear and cell division cease on the sides under 
pressure and continue on the free sides. 

This leads to a greater number of cells on the free sides and the orienta- 
tion of the cell wall apparently in accordance with the views of Kny and 
NjSmec. 

Department of Botany, 

The University of Illinois. 
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EXPLANATION OF PLATE 

Fig. 1 . Cells from imbedded root, showing characteristic cytoplasmic features. Note 
concentric ring structures surrounding a small dense body. 

Fig. 2. Nucleus with amoeboid appearance, the nuclear membrane raised in the form 
of a blister where a branch of the modified hof meets the nuclear membrane. 

Fig. 3. Cells reduced in size by continued nuclear and cell division, without elongation. 
Note the smaller nuclei in the recently formed smaller cells. 

Fig. 4. Cells with walls thrown into folds by pressure. The buckling of the walls 
occurs along with high turgor in the cells. 

Fig. 5. Growth behavior of cells in “plastic” growth. Periblem cells elongate later- 
ally, gliding past one another towards the area of least pressure. 

Fig. 6. Cells showing lines of gliding growth, in roots under lateral pressure. 

Fig. 7. Gliding growth of cells, under pressure, as at a. 

Fig. 8. Longitudinal section of root, showing manner of growth of root cells under 
pressure. 

Fig. 9. Longitudinal section of root, in which nuclear and cell divisions have continued 
until a large number of closely packed cells have been produced. Mitotic 
figures normal in position but few in number. 

Moniliform root of Vicia faba , grown in moist air, and dipped into cold water 
for an instant every day. 


Fig. 10. 





THE INFLUENCE OF BORON ON THE CHEMICAL COMPOSITION 
AND GROWTH OF THE TOMATO PLANT 

Earl 8. Johnston and W. H. Dore 
(with nine figures) 

Introduction 

An investigation was undertaken by one of the writers for the purpose 
of determining the minimum potassium requirements of the tomato plant. 
It was planned to use water cultures in these studies. Although the solu- 
tions contained the so-called essential elements for normal plant growth it 
was soon discovered that the plants failed to grow. Since attention had 
been recently called to the importance of boron and manganese it was 
thought that a possible solution to the problem lay in adding these elements 
to the culture medium and a special experiment was conducted to test their 
effects on the growth of the tomato. Manganese (1.0 ppm.) was added to 
the nutrient solution as manganese sulphate and boron (0.55 ppm.) as 
boric acid. The four groups noted in table I consisted of nine cultures, 
each containing a single plant in a two-quart Mason jar. 

TABLE I 

Data showing average height and dry weight of tomato plants grown in 

BORON DEFICIENT SOLUTIONS AND IN SOLUTIONS WITH 0.55 PPM. 

BORON AND WITH 1.0 PPM. MANGANESE 


I 

Group 1 

Solution 

| Height 

Tops 

Dry weight 

Roots 

Total 



cm. 

gm. 

gm . 

gm. 

A 

No B and Mn .. 

24.4 

3.0 

0.3 

3.3 

B 

B and Mn added 

55.2 

0.4 

1.5 

7.9 

C 

Mn added 

24.3 

3.0 

0.3 

3.3 

D 

B added . 

55.2 

5.4 

1.2 

6.6 


An inspection of this table at once shows that the plants of cultures 
containing boron are far more normal than the others. It cannot, however, 
be concluded that manganese is not essential. Although chemicals of a 
good grade were used in these experiments there is no assurance that they 
were completely free from manganese and boron. Nevertheless, the experi- 
ment does show that the tomato plant requires an appreciable amount of 
boron over and above that present as impurities in the solutions used. 
Figure 1 shows very clearly the differences in growth of two representative 
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Fig. 1. Photograph showing boron deficient tomato plant (left) and one grown in a 
similar solution to which 0.55 ppm. boron as boric acid had been added (right). 

plants of this experiment, one (left) from a culture deficient in boron, the 
other (right) from a similar solution to which boron (0.55 ppm.) as boric 
acid had been added. 

The growth responses of the tomato to boron were so marked and inter- 
esting that a more detailed study was undertaken. The necessity of boron 
to the growth of other plants has been pointed out by other investigators 
within the last few years. The earlier workers with boron concerned them- 
selves with detecting its presence in various plants. The amounts found 
as boric acid varied considerably, sometimes running as high as one per cent, 
or slightly above. The presence of boron per se in the plant is, however, 
no indication that it is essential for growth. The natural supposition would 
be that its presence is a detriment rather than an asset, since very small 
amounts are known to be exceedingly toxic. For reviews of the literature 
and descriptions of experiments indicating the necessity of boron for 
normal plant growth and development the reader is referred to Brenchley 
(2), Brenchley and Warington (3), Sommer and Lipi^an (14), Swan- 
back (15), and Warington (16). In a preliminary paper JonNSTON and 
Dore (8) called attention to the necessity of boron for growth of the tomato 
plant. 
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Experimentation 

The experiments described in this paper were carried out in the Division 
of Plant Nutrition at the University of California and in the Department 
of Plant Physiology at the University of Maryland. The variety of tomato 
used at California was the Santa Clara Canner, and at Maryland this same 
variety and Marglobe were used. The seeds were germinated between 
layers of moist filter-paper. When the roots were 2 to 10 mm. long the 
young plants were transferred to a germination net similar to that described 
by Johnston (7). After the seedlings had reached approximately 2 to 3 
cm. in length they were transferred to the culture solutions. Each culture 
consisted of a single plant supported by means of a little cotton in a 
paraffined flat cork stopper which fitted into a two-quart Mason jar contain- 
ing the nutrient solution. The jars were wrapped with heavy paper to 
exclude most of the light from the roots. 

The general nutrient solutions used in the California experiments were 
made up from the following salts: calcium nitrate, magnesium sulphate, 
magnesium phosphate (primary and secondary), potassium sulphate, man- 
ganese sulphate and ferric tartrate. The approximate calculated concen- 
trations of the usual ions in this general nutrient solution expressed as 
parts per million and milliequivalents were : 



ppm. milliequivalents 


ppm. 

milliequivalents 

Ca 

200 10.0 

NO* . 

620 

10.0 

Mg . 

60 4.9 

SO, .. 

290 

6.0 

K 

78 2.0 

PO, 

74 

2.3 

Fe (enough to keep plants green) 

Mn . 

1 

0.0364 


In the Maryland experiments the general nutrient solution was made 
up from salts specially prepared by J. T. Baker Chemical Co. for the 
Committee on Salt Requirements of the National Research Council, the 
manganese sulphate and ferric tartrate were of equally high grade but 
obtained from other sources. The Maryland solutions of slightly different 
composition had the following partial volume molecular concentrations : 


Ca(N0 3 ) 2 0.005 

MgS0 4 0.002 

KH,P0 4 0.002 

MnS0 4 0.0000178 


To these general nutrient solutions ferric tartrate (0.5 per cent, solution) 
was added at the rate of a cubic centimeter per liter per day while the 
plants were young. After the roots were well developed iron was added 
less frequently. Boron was added as boric acid to the cultures so desig- 
nated. Expressed as parts per million and milli-equivalents the ions of the 
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basic solution used in the Maryland experiments had the following approxi- 
mate values : 

ppm. milliequivalents ppm. milliequivalents 


Ca 

200 

10.0 

NO s 

620 

10.0 

Mg 

49 

4.0 

SO. .... 

194 

4.0 

K .. .. 

78 

2.0 

P0 4 

190 

6.0 


Pe (enough to keep plants green) Mn 1 0.0364 

A second preliminary experiment was conducted to determine an 
approximate range of tolerance of the tomato plant toward boron. Pour 
sets of cultures were set up on October 29, 1926. Each set consisted of 10 
two-quart culture jars with a single plant per jar. To the general nutrient 
solutions boron was added at the following rates : 


Group A 

Group B 

Group C 

Group D 


0.000 ppm. 
0.055 ppm. 
0.550 ppm. 
5.500 ppm. 


The plants were harvested on December 10. The average length of stem 
and dry weight per plant as well as the approximate total transpiration 
are given in table II. 


TABLE II 


Data showing average height and dry weight of tomato plants, together with 

THEIR APPROXIMATE TOTAL TRANSPIRATION WHEN GROWN IN SOLUTIONS 
CONTAINING DIFFERENT AMOUNTS OF BORON 


Group 

Boron 

Stem 

HEIGHT 

Dry weight 

Transpi- 

ration 

Tops 

Roots 

Total 


j ppm . 

cm . 

gm . 

gm . 

gm . 

cc . 

A 

0.000 

35.1 

2.06 

0.22 

2.88 

952 

B 

0.055 

53.4 

3.69 

0.62 

4.31 

1584 

C 

0.550 

54.3 

3.63 

0.63 

4.26 

1562 

D 

5.500 

45.8 

2.75 

0.40 

3.15 

1152 


Weekly measurements of stem height were made, but only the final 
average for each group is included in the table. While making the height 
measurements on December 2 it was observed that the stems and petioles 
of the plants in group A were exceedingly brittle. In later experiments it 
was found that this brittleness was characteristic of tomato plants grown 
in boron deficient solutions. In fact, the brittleness usually occurred before 
any visible manifestation of boron deficiency appeared. The brittleness of 
stems and petioles associated with boron deficiency is best described as 
similar to the breaking of a piece of cheese and not that characteristic of 
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turgid tissues, which usually break with a snap. The data in table II bring 
out quite clearly an approximate range of boron concentration, below and 
above which growth is inhibited. Plants of group A, to which no boron 
was added, showed a decided retardation of growth and distinct injuries. 
Another marked symptom of boron deficiency is the dying of the growing 
point of the stem. In a short time this tissue becomes blackened and dried, 
thus terminating stem elongation. The stem height measurements of table 
II bring this out as well as figure 1. Plants of group D, to which 5.5 ppm. 
of boron were added likewise showed a retardation of growth. These 
plants also showed distinct injury which, however, was unlike that occurring 
in the boron deficient plants. With this amount of boron the leaves died 
at the margins. A representative leaf from a plant of this group together 
with a leaf from a healthy plant is shown in figure 2. No marked differ- 



Fig. 2. Photograph showing boron injury to the leaf of a tomato plant (left) when 
grown in a nutrient solution containing 5.5 ppm. boron as boric acid. Nor- 
mal leaf (right) does not show the dried and dead margins. 

ences in growth were noted between the plants of groups B and C so that 
it might be concluded tentatively that boron in these particular culture 
solutions was equally good for growth of the tomato plant at concentrations 
of 0.055 and 0.55 ppm. It must be remembered that while 0.055 ppm. of 
boron may be sufficient for normal growth under one set of conditions it 
may be insufficient under others. 

Immediately following the second experiment an investigation was 
started with the object of determining the chemical differences between 
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normal tomato plants and those grown in boron deficient media. Tomato 
seeds (Santa Clara Canner) were germinated in a manner already described 
and on December 15, 1926, the seedlings were set out in the culture jars. 
Two sets of cultures w r ere used in this experiment, one, group A, without 
boron, except for traces that might have been present as impurities in the 
culture solutions, and another, group B, to which boron (0.55 ppm.) was 
added as boric acid. This experiment, as well as the two preliminary ones, 
was carried out at Berkeley, California. Each group contained 40 plants, 
four of which were used in preliminary microscopical tests ; the remaining 
36 plants of each group were harvested on February 7, 1927. The nutrient 
solutions were not renewed during the entire growing period. In these 
experiments the amount of mineral elements contained in the solutions 
was sufficient for good vegetative growth over the periods studied. During 
certain seasons in other experiments when transpiration rates were higher 
it was necessary to add distilled water to replace that lost, but this was not 
necessary in the present case. 

Because of the changes in the various constituents (particularly in the 
amount and kind of carbohydrates) that are taking place in plant tissues 
during the day, special care was exercised in harvesting the plants in order 
that the two groups might be as comparable as possible. Six plants from 
each group were alternately harvested. Considerable time was consumed 
in this operation and without a doubt plants harvested in the morning 
differed considerably from those harvested in late afternoon. For this 
reason it seems advisable to include a table showing the time of day as 
well as the character of the sky when each set of six plants from the two 
groups was harvested. These data are presented in table III. 


TABLE III 

Data showing order and conditions of harvesting tomato plants 


Group 

Culture 

numbers 

Time of 

Beginning 

HARVEST 

Ending 

Character 
of sky 

A and B 

1- 6 

9:53 a.m. 

10:37 a.m. 

Bright and dull 

A and B 

7-12 

11:42 “ 

12:18 p.m. 

Bright 

A and B 

13-18 

2:22 p.m. 

2:51 “ 

Bright 

A and B 

19-24 

3:50 “ 

4:20 “ 

Bright 

A and B 

25-30 

5:14 “ 

5:36 “ 

Clear sunset 

A and B 

31-36 

i 

7:30 “ 

7:54 “ 

Paik 


Plants (7 to 30) of group B, which were harvested during the warmest 
and brightest part of the day, were in a wilted condition. The other plants 
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of group B were turgid when harvested. None of the plants in group A 
(those deficient in boron) were severely wilted at any time of the day. 
Plants numbered 10 and 27 in group A, and 3 and 14 in group B differed 
somewhat in their forms of growth from the other plants. Such variations 
are to be expected with a variety like the Santa Clara Canner which is 
highly heterogenous as noted by Lesley and Rosa (9). Despite these 
variations in growth, injuries were apparent in all of the boron deficient 
plants. f 

Analytical methods 

Preliminary preparations 

Preparation of samples. — The harvesting operations consisted of dissect- 
ing the plants into leaves, stems and roots. An attempt was made to pull 
the expanded leaf tissue from the mid-rib. The petiole and often a small 
portion of the mid-rib were thus included with the stem tissue. The roots 
were severed in a plane just above the position where they branched out 
freely from the base of the stem. Without removing the plants from their 
culture jars the leaves were severed, weighed and dropped into boiling 95 
per cent, alcohol. The stems were then cut from the roots and treated 
similarly, and finally the roots received the same treatment. The boiling 
process was continued for approximately 15 minutes after the plant tissues 
had been introduced. The flasks containing the plants and alcohol were 
then stoppered with paraffined cork stoppers. On cooling, the softened 
paraffin hardened, automatically sealing the flasks. The material was thus 
effectively preserved for analysis. 

Separation of the sample into alcohol-soluble and alcohol-insoluble , 
matter. — The contents of each flask were filtered and each filtrate was col- 
lected in a 1-liter graduated flask. The undissolved portion was placed in 
Soxhlet extraction tubes and extracted with 85 per cent, alcohol until color- 
less. The green solution resulting from the extraction was concentrated 
and added to the original filtrate. The combined alcoholic solution was 
then made up to volume. 

Determination of the alcohol-insoluble dry matter. — The colorless in- 
soluble residue was placed in tared weighing bottles, dried in an oven at 
100° C. and weighed. The difference in weight was recorded as alcohol- 
insoluble matter. The material so obtained was used for the determination 
of- starch, hemicelluloses , galacturonic acid, lignin-sub erin and cellulose. 

Determination of alcohol-soluble dry matter. — A 25-cc. aliquot portion 
was taken from each of the liter flasks and total solids were determined by 
weighing after exaporating in a tared porcelain dish and drying in an oven 
at 100° C. From the weight of solids thus obtained, the weight of alcohol- 
soluble dry matter in the liter of solution was calculated by multiplying 
by 40. 
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Determination of total dry matter. — The value representing the total 
dry matter was obtained by adding together the values of the alcohol-soluble 
and alcohol-insoluble dry matter. Water was determined by subtracting 
this sum from the corresponding green weight of the tissue. 

Analysis of the alcohol-soluble portion 

Preparation for the determination of sugars. — 100-cc. portions of the 
alcoholic solutions were placed in Erlenmeyer flasks and evaporated to dry- 
ness on the steam bath with the steam turned low so as to avoid undue 
heating of the sugars. To remove chlorophyll and other substances prepara- 
tory to determining the sugars, the dried residue was digested three times 
with benzene on the steam bath, the benzene solution being poured through 
a folded filter. The combined benzene filtrates were evaporated in a tared 
beaker, dried, weighed and recorded as benzene-soluble matter. 

One portion of the benzene-insoluble residue was in the original flask 
and another on the folded filter. Both were heated over the radiator to 
expel adhering benzene. 15 cc. of hot water were next added to the flask 
and, after a few minutes, when the sugars had dissolved, the solution W T as 
poured through the filter-paper dissolving the rest of the residue. Flask 
and filter were washed with a few cubic centimeters of hot water collecting 
the solution in a 110-cc. flask. 

The filtrate was cooled to room temperature and basic lead acetate added 
drop by drop until no further precipitation occurred. The excess lead was 
removed by adding saturated sodium oxalate solution in slight excess. The 
solution was then made up to 110 cc. and unless the analysis was to be 
completed at once about 1 cc. of toluol was added to the solution as a 
preservative. 

Reducing sugars. — Reducing sugars were determined on 25-cc. aliquot 
portions of the prepared solution by a slight modification of the Munson 
and Walker method, (C. A. Browne, Handbook of Sugar Analysis, p. 426, 
New York, John Wiley and Sons, 1912.) The precipitated cuprous oxide 
was collected on tared asbestos Gooch crucibles and washed with water in 
the usual manner, but instead of drying and weighing as cuprous oxide, the 
precipitates were ignited in a muffle furnace to cupric oxide and weighed 
as such. The weight of cupric oxide was multiplied by the factor 0.9 to 
give the weight of cuprous oxide and the corresponding weight of glucose 
was then obtained from Munson and Walker’s tables. 

Reducing sugars after inversion . — 55 cc. of the prepared solution were 
placed in a 110-cc. flask, and 5.5 gm. of solid citric acid added. The mixture 
was then boiled for 10 minutes. After cooling to room temperature the 
solution was made alkaline to phenolphthalein by adding NaOH solution 
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and thereafter dilute acetic acid was added until the red color disappeared. 
The solution was made up to 110 cc. and reducing sugars determined on 
50-cc. portions in the same manner as before. 

Sucrose. — Sucrose is obtained by difference between reducing sugars 
before and after inversion. 

Analysis of the alcohol-insoluble portion 

Starch . — To 1 gram of the alcohol-insoluble material 100 cc. of water 
were added, after which the mixture was boiled for 15 minutes to gelatinize 
the starch. After cooling to room temperature, 0.1 gram of takadiastase 
and 10 drops of toluol were added. The mixture was placed in the incu- 
bator room at 28° C. and left over night. After removing the solution 
from the incubator room it was boiled for 15 minutes to inactivate the 
enzyme and then filtered through a Gooch crucible containing a disk of 
mercerized cotton cloth as the filtering medium. The undissolved residue 
was saved for the hemicellulose determination. The filtrate was trans- 
ferred to a 200-cc. volumetric flask, clarified with basic lead acetate, deleaded 
with sodium oxalate solution and made up to volume. The mixture was 
filtered through a dry filter and 50 cc. of the filtrate were mixed with 5 cc. 
of concentrated hydrochloric acid and boiled for 2.5 hours under a reflux 
condenser. After cooling to room temperature the solution was made 
alkaline with sodium hydroxide solution, then slightly acid with dilute 
acetic acid. It was then made up to volume and reducing sugars expressed 
as glucose. Starch was calculated by multiplying by the factor 0.9. 

Hemic elluloses. — The residue remaining after the takadiastase digestion 
was transferred to an Erlenmeyer flask with a measured volume of water. 
To this were added 8 cc. of 12 per cent, hydrochloric acid and water to 
make a total volume of 100 cc. The mixture was heated on the hot plate 
under a reflux condenser for 2.5 hours. The insoluble residue was then 
filtered off and washed and the filtrate transferred to a 200-cc. volumetric 
flask. After cooling to room temperature the solution was made alkaline 
with NaOH, then slightly acid with acetic acid. It was clarified by adding 
basic lead acetate in slight excess followed by sodium oxalate solution to 
remove the excess lead. The solution was made up to 200 cc., mixed, 
filtered through a dry filter, and reducing sugars determined in 50-cc. por- 
tions. The results were calculated to the hexosan formula by multiplying 
the glucose value by 0.9. 

Residue after hemicelluloses . — The insoluble residue remaining after 
the hydrolysis of the hemicelluloses was collected on a Gooch crucible con- 
taining a filtering disk of mercerized cotton cloth, dried in the oven at 
100° C. and weighed. 
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Lignin-suberin . — The dried residue after hydrolysis of hemicelluloses 
was digested for £4 hours in 20 cc. of 72 per cent, sulphuric acid. The 
mixture was then diluted with 300 cc. of water, heated to boiling, filtered 
on a Gooch crucible with a cloth filter disk, washed, dried and weighed. 

Cellulose by loss. — The material soluble in the 72 per cent, sulphuric 
acid was regarded as cellulose. The value was obtained by subtracting the 
lignin-suberin value from the residue after hemicelluloses. 

Galacturonic acid. — Galacturonic acid was determined by Dore’s (5) 
modification of the Lefevre method. One gram of the alcohol-insoluble dry 
material was placed in a liter flask with 100 cc. of 12 per cent, hydrochloric 
acid. The flask was placed in a carbon dioxide absorption train and, after 
sweeping out the carbon dioxide due to inorganic carbonates and that 
previously present in the flask by a current of carbon-dioxide-free air, the 
decarboxylation reaction was carried out by heating the flask in an oil 
bath at 130° C. The carbon dioxide produced by this reaction was swept 
out of the flask and absorbed in a weighed Geissler potash bulb, suitable 
precautions being taken to prevent other reaction products from passing 
over. The reaction was continued until the Geissler bulb showed constant 
weight, which usually required 4.5 hours. The weight of carbon dioxide 
multiplied by 4 gives the weight of hexuronic acid present in the plant 
tissue. Since the galacturonic acid of pectic substances is the only hexu- 
ronic acid definitely known to occur extensively in plant tissues, it is 
assumed that the hexuronic acid value is identical with the galacturonic 
acid content. This in turn is a measure of the pectic substances, but since 
the factor is variable, no attempt has been made to express the results in 
terms of pectic substance. 

Chemical data 

The data presented in table IV give in detail the green weights of 
leaves, stems and roots of individual plants. As is to be expected, consid- 
erable variation in growth occurs, but in general the plants in each group 
were fairly uniform. The average total green weights of the subgroups 
of group A fluctuate with the time of day at which the samples were 
obtained. Reference to table III will show this. These average values 
drop from 41.6 in the first period to 36.9 in the third, then rise to 40.1 in 
the last. Such variations in green weight are to be expected as the water 
content of the plants varies with a change in atmospheric conditions 
throughout the day. The low value of 36.9 in the third period is, however, 
due to the low value of the leaves of plant numbered 18. Several leaves 
from this plant had been removed several days previous to the date of 
harvest and their weights are not included in the table. If the other five 
values are averaged then 36.9 becomes 38.4. The third, fourth and fifth 
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subgroups then become practically equal with reference to their total green 
weights. The subgroup values of group B do not show any regular decrease 
or increase in the total green weight. With the exception of the fourth 
period the values are quite uniform. These general observations suggest 
the possibility that plants of group B are slightly better able to maintain 
a constant moisture content in spite of the fluctuating condition of their 
environment which tends to bring about a water deficit of the tissues, while 
plants of group A seem to lack this ability. Such a general inspection of 
the data would indicate a somewhat greater state of saturation deficit 
occurring in the boron deficient plants during the middle of the day than 
was the case under like conditions in the normal plants grown under similar 
environmental conditions. This, however, is not the case as will be seen 
from the discussion of table VI. 

The amounts of alcohol-insoluble and alcohol-soluble dry matter in 
plants grown in boron deficient solutions and in solutions to which boron 
was added are presented in table V. For convenience this table is divided 
into three sections, 1, s, and r, representing respectively data from leaves, 
stems and roots. In part V — 1 it will be noted that no significant difference 
was found between the average total dry weight per plant in group A and 
that in group B, the latter being slightly greater, 0.27 gram, or about 14 
per cent. In each group the percentage of alcohol-insoluble dry matter 
is approximately twice that of the alcohol-soluble material. The alcohol- 
insoluble matter is 7 per cent, less in the boron deficient plants than in the 
normal plants while the alcohol-soluble dry matter is correspondingly 
increased. A survey of these values for the plant stems in part V — s shows 
an increase of approximately 60 per cent, in dry matter of the normal 
plants over the boron deficient ones, these values being 2.83 and 1.76 grams 
respectively. While the actual difference between the two groups is signifi- 
cant, the percentage of alcohol-insoluble and alcohol-soluble matter of the 
total dry weight is the same. Part V — r clearly shows the greater average 
total dry matter in the roots of group B plants. Here the increase is over 
200 per cent., by far the greatest of measurable quantities noted in these 
experiments. The relative proportion of alcohol insoluble and soluble 
matter in the two groups is practically the same. 

So far as the data of table V go, it appears that no marked difference 
in chemical composition of roots and stems is to be expected between plants 
of the boron deficient group and those grown in a medium containing boron. 
There is, however, indication of a difference in chemical composition of the 
leaves from plants in these two groups. The leaves of the boron deficient 
plants contain a higher percentage of alcohol-soluble matter than do the 
normal leaves. Since many of the metabolically important constituents 



TABLE IY 

Data showing green weights of leaves, stems, roots and the total weight of 

INDIVIDUAL PLANTS GROWN IN BORON DEFICIENT SOLUTIONS AND IN 
SOLUTIONS TO WHICH BORON (0.55 PPM.) WAS ADDED 


Group A (boron deficient) 
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TABLE V— 1 

Data showing amount of dry matter in leaves of plants grown in boron-deficient 

SOLUTIONS AND IN SOLUTIONS TO WHICH BORON WAS ADDED 


Group A (boron 
deficient) 

Alcohol insoluble 

Alcohol 

SOLUBLE 

Total 


gm. 

per cent . 

gm. 

per cent . 

gm. 

1- 6 

7.62 

64 

4.32 

36 

11.04 

7-12 

7.22 

62 

4.41 

38 

11.63 

13-18 

6.72 

* 

# 

* 

« 

10-24 

6.96 

61 

4.39 

39 

11.35 

25-30 

6.68 

61 

4.27 

39 ! 

10.95 

31-36 

7.06 

61 

4.57 

39 

11.63 

Average per plant . 

1.17 

62 

0.73 

38 

1.91 

Group B (boron 

i 

! 





0.55 ppm.) 






1- 6 

J 8.40 

69 

3.72 

31 

12.12 

7-12 

8.93 

70 

3.74 

30 

12.67 

13-18 

9.11 

69 

4.12 

31 

13.23 

19-24 

9.84 

69 

4.49 

31 

14.34 

25-30 

9.41 

70 

3.96 

30 

13.37 

31-36 

8.82 

69 

3.96 

31 

12.78 

Average per plant 

1.51 

69 

0.67 

31 

2.18 


* Results not determined because alcohol-soluble material of these leaves was lost 
from a broken flask. 


TABLE V— s 

Data showing amount of dry matter in sterns of plants grown in boron-deficient 

SOLUTIONS AND IN SOLUTIONS TO WHICH BORON WAS ADDED 


Group A 
(boron 
deficient) 

Alcohol 

insoluble 

Alcohol 
soluble t 

Originally alco- ! 

HOL SOLUBLE BUT 
SUBSEQUENTLY 
PRECIPITATED 

Total 


gm. 

per cent. 

gm. 

i 

per cent. 

gm. 

per cent. 

gm. 

1-18 

21.32 

65.0 

11.26 

34.4 

0.21 

0.6 

32.79 

19-36 

19.99 

65.7 

10.34 

34.0 

0.08 

0.3 

30.41 

Average per plant 

1.15 

65.35 

0.60 

34.2 

0.01 

0.45 

1.76 

Group B (boron 
0.55 ppm.) 
1-18 

32.18 

66.4 

15.84 

32.7 

1 

i 

0.45 

0.9 

48.47 

19-36 

34.61 

64.7 

18.41 

34.4 

0.45 

0.8 

53.47 

Average per plant 

1.86 

65.5 

0.95 

33.6 

0.02 

0.9 

2.83 
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TABLE V— P 

Data showing amount op dry matter in roots of plants grown in boron-deficient 

SOLUTIONS AND IN SOLUTIONS TO WHICH BORON WAS ADDED 


Group A 

(BORON DEFICIENT) 

Alcohol insoluble 

Alcohol soluble 

Total 


gm. 

per cent . 

gm. 

per cent. 

gm. 

1-18 

3.96 

81.5 

0.90 

18.5 

4.86 

19-36 

4.17 

81.9 

0.92 

18.1 

5.09 

Average per plant .... j 

0.23 

81.7 

0.05 

18.3 

0.28 

Group B (boron 0.55 ppm.) 






1-18 

13.29 

84.2 

2.50 

15.8 

15.79 

19-36 

13.41 

83.3 

2.68 

| 16.7 

16.09 

Average per plant 

0.74 

83.8 

0,14 

16.3 

0.88 


of plant sap are soluble in alcohol, these results immediately suggest that 
there are significant differences in the active mobile constituents of the two 
groups of plants ; while the insoluble constituents, which include the frame- 
work constituents of the plant, are much alike in the two groups. As will 
be shown later, this is the situation which actually exists. 

In table VI data are presented which show the water content of leaves, 
stems and roots as related to the green and dry weights of plants grown in 
boron deficient solutions and in solutions containing boron. The weight 
measurements are expressed in grams and represent the total weight from 6 
plants in the case of leaves and from 18 plants in case of stems and roots. 
In the discussion of table IV attention was called to an apparent decrease 
in water content in plants of group A. In table VI such a decrease is 
apparent for leaves of plants in group A harvested during the warm part 
of the day namely, plants numbered, 7-12, 19-24 and 25-30. However, 
if the water content of the leaves of each group is compared with the dry 
weight values, the ratio of water per unit of dry matter is found to be fairly 
.constant throughout the day. On the other hand, these ratio values for 
leaves of plants in group B fluctuate quite regularly with the periods of 
the day during which they were harvested. It must be concluded from 
the data in this table that leaves of the normal tomato plants (group B) 
showed a tendency to lose water toward midday, while those in the boron 
deficient group maintained practically the same w'ater-dry weight ratio 
values throughout the day. Actual observation of the plants as they were 
harvested bears this out. The leaves of plants 7 to 30 of group B that 
were collected during the middle of the day were wilted. Leaves of the 
other plants of this group, 1 to 6 and 31 to 36, which were collected in early 
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TABLE VI 

Data showing the water content op leaves, stems and roots of plants grown in boron 

DEFICIENT SOLUTIONS AND IN SOLUTIONS TO WHICH BORON WAS ADDED 


Cultures 

Group A (boron deficient) 

Group B (boron-0.55 ppm.) 

Green 

WEIGHT 

Dry 

WEIGHT 

Water 

Water 

per 

UNIT 

dry 

WEIGHT 

Green 

WEIGHT 

Dry 

WEIGHT 

Water 

Water 

per 

UNIT 

dry 

WEIGHT 


gm. 

gm . 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Leaves 1-6 

92.0 

11.94 

80.06 

6.71 

94.0 

12.12 

81.88 

6.76 

7-12 

87.0 

11.63 

75.37 

6.48 

91.2 

12.67 

78.53 

6.20 

13-18 

* 

* 

* 

# 

94.6 

13.23 

81.37 

6.15 

19-24 

85.8 

11.35 

74.45 

6.56 

100.0 

14.34 

85.66 

5.97 

25-30 

83.2 

10.95 

72.25 

6.60 

97.3 

13.37 

83.93 

6.20 

31-36 

87.9 

11.61 

76.29 

6.57 

95.2 

12.78 

82.42 

6.45 

Average per plant 

14.5 

1.91 

12.61 

6.57 

15.9 

2.18 

13.72 

6.29 

Stems 1-18 

390.8 

32.79 

358.01 

10.92 

578.9 

48.47 

530.43 

10.94 

19-36 

387.7 

! 30.41 

357.29 

11.75 

626.5 

53.47 

573.03 

10.72 

Average per plant 

21.6 

1.76 

19.87 

11.33 

I 

33.5 

2.83 

30.65 

10.83 

Roots 1-18 

1 

59.2 

4.86 

54.34 

j 11.2 

244.1 

15.79 

228.31 

14.5 

19-36 

58.8 

5.09 

53.71 

1 10.6 

227.2 

16.09 

211.11 

13.1 

Average per plant 

3.28 

i 

0.28 

3.00 

10.9 

13.09 

0.88 

12.23 

13.8 


* Results not determined because alcohol soluble material of these leaves was lost from a 
broken flask. 


morning and late evening were not wilted. From the work of Renner 
(12), Livingston and Brown (11), Livingston (10), Johnston (6) and 
others, such a diminution in water content is to he expected during the 
day in normal healthy plants. An interesting point to be mentioned is that 
none of the leaves from plants in group A was severely wilted at any time. 
On a priori reasoning alone it might be concluded that either the water 
absorbing and conducting tissues of the boron deficient plants were entirely 
adequate to supply water to the leaves as fast as lost by transpiration, or 
that the structure of the leaves was such as to greatly retard water loss. 

There is but little difference to be noted in the average dry weight of 
leaves per plant of the two groups. A more striking difference is seen in 
the dry weights of the stems and roots of the plants of these groups. The 
average dry weight of stems of the normal plants was approximately 1.6 as 
great as the stems of the boron deficient plants. The most striking differ- 
ence between the boron deficient plants and the normal ones occurs in the 
root development. Roots of the normal plants are practically three times 
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as great when dry weight is used as the criterion of measurement. Poor 
root development is 4 apparently a definite characteristic of boron deficient 
plants since it has been observed in other plants by other investigators. 

Table VII presents data showing the composition of alcohol-soluble 
matter in plants grown in boron deficient solutions and in solutions to 
which boron was added. These values are expressed as percentages of 
total dry matter in the leaves, stems and roots respectively. The leaves 
of the boron deficient plants have in every case a much higher content of 
reducing sugars and of total sugars than the corresponding normal plants. 
With but one exception the same relationship holds for their sucrose con- 
tent. The total sugars in the leaves of the normal plants increase as the 
day advances to a maximum in the late afternoon. The total sugars in the 
leaves of the boron deficient plants likewise rise to a maximum in the late 
afternoon, but unlike the normal plants, the total sugars do not drop off 
in the early evening hours. In this respect the boron deficient plants show 
distinctly abnormal behavior, the significance of which will be discussed 
later. 

The stems of the boron deficient plants have lower contents of reducing 
sugars and total sugars than the stems of the normal plants, the relation- 
ship being the reverse of that found in the leaves. The meaning of this 
will also be discussed later. The relationships in the roots are similar to 
those in the leaves ; the boron deficient roots have much higher contents of 
reducing sugars, sucrose and total sugars. 

Another very striking difference between the plants of the A and B 
groups exists in the percentages of benzene-soluble matter. This material 
occurs more abundantly in the leaves of the normal plants and in the stems 
of the boron-deficient plants. The values for the roots are practically the 
same. This benzene-soluble matter may include chlorophyll, fats, sterols 
and lipins. Unfortunately we have not found it practicable as yet to under- 
take a thorough study of this material. 

The analytical data showing the composition of the alcohol-insoluble 
matter of these plants are given in table VIII. These data are likewise 
expressed as percentages of total dry matter for each of the plant tissues 
studied. Perhaps the most striking difference is the greater starch content 
of all the parts of the boron-deficient plants. The hemicellulose is likewise 
somewhat greater in the leaves of group A plants, but slightly less when 
the stems are compared. Galacturonic acid gives somewhat higher values 
for the leaves of group B plants. It is doubtful if the other values are 
significant. Cellulose is slightly higher in the leaves and stems of the 
normal plants. 

The analytical data presented in tables VII and VIII have been sum- 
marized in table IX. For the leaves, the outstanding differences between 
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the two groups are their sugar, benzene-soluble matter and starch content. 
Somewhat similar differences appear in the stems, but the order is reversed 
for total sugars and benzene-soluble matter. Sugars formed in the leaves 
are, under normal conditions, transported to the stem. In the boron- 



TABLE VIII 

Data showing composition or alcohol-insoluble matter in leaves, stems and roots of plants grown in boron-deficient solutions and in 
solutions to which boron was added. These data are expressed as percentages of total dry matter of 

LEAVES, STEMS AND ROOTS RESPECTIVELY 



Besults not determined because alcohol-soluble material of these leaves was lost from a broken flask. Average of other values. 


JOHNSTON AND DORE — TOMATO PLANT 


deficient plants the sugars accumulated because of the apparent inability 
of the conducting tissues in these plants to translocate them. These data 
for the stems show that in the normal plants with uninjured phloem tissue 
the sugars pass into the stems and being able to continue further in these 
stems very little is condensed to starch. On the other hand in the stems 
of the boron-deficient plants with their injured conducting systems, the 
sugars cannot be moved so rapidly and are condensed to starch. 

TABLE IX 

Summary or analytical data op tomato plants expressed as percentages op total 

DRY MATTER 0 P LEAVES, STEMS AND ROOTS RESPECTIVELY 


Amount of boron added 

Leaves 

Stems 

. 

Hoots 

TO NUTRIENT SOLUTION 

A 

B 

I A 

B 

A 

B 

(PPM.) 

0.00 

0.55 

0.00 

0.55 

0.00 

0.55 

Reducing sugars (hexoses) 

8.18 

3.83 

5.32 

8.70 

2.24 

1.07 

Sucrose 

3.31 

| 1.34 

3.13 

2.89 

2.07 

1.54 

Total sugars 

11.50 

5.16 

8.45 

11.59 

4.30 

2.61 

Benzene soluble matter 

9.63 

13.03 

3.39 

1.74 

4.07 

4.67 

Starch 

12.03 ! 

8.41 i 

5.42 

| 1.45 

0.98 

0.24 

Hemi cellulose 

2.55 | 

1.88 

4.72 

5.85 

6.70 i 

6.68 

Galacturonic acid 

8.38 i 

9.50 

11.37 

11.11 

11.52 

10.22 

Lignin and suberin 

1.46 

1.70 

5.80 

5.55 

14.48 

12.81 

Cellulose 

10.41 ! 

11.89 

21.32 

25.02 

18.36 

18.76 


A very striking characteristic of the boron-deficient tomato plants is the 
extreme brittleness of the petioles and mid-ribs. This brittleness is perhaps 
best described as similar to the breaking of a piece of cheese. It is entirely 
unlike the breaking of a turgid tissue or stem. Because of this peculiar 
characteristic, it was suspected that pectic substances were absent, or at 
least less abundant, in the middle lamella of the boron-deficient plants. 
Absence of a cementing substance between the cells might be the reason 
for such brittleness. At the suggestion of Prof. J. H. Priestley, microscopic 
examinations were made using the customary pectin stains but no distinct 
differences could be observed between sections from normal and from boron- 
deficient plants. The galacturonic acid determinations given in table VIII 
are not significantly different for the two groups, and when these figures 
are calculated to the basis of alcohol-insoluble dry matter (a more com- 
parable basis, since the fluctuating soluble constituents are eliminated) the 
difference between the two groups is so slight as to fall within the experi- 
mental error of the determination. It is apparent that neither the micro- 
chemical observations nor the galacturonic acid determinations support the 
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theory that brittleness is due to a deficiency of pectic material. A special 
experiment was , therefore carried out for the purpose of obtaining enough 
leaf material for pectic analysis. 

This experiment was made at the University of Maryland. On 
November 1, 1927, young tomato seedlings were set out in two-quart culture 
jars. The cultures w^ere divided into three groups, a single plant per 
culture. All the solutions were similar with the exception of their boron 
content. To group A no boron was added. Groups B and C contained 
0.011 and 0.55 ppm. respectively of boron as boric acid. At the end of six 
weeks the leaves were cut from the plants at the base of the leaf blade. 
It is unfortunate that the petioles were not included in the samples, but 
since the mid-rib shows the same characteristic brittleness as the petioles, 
not a great deal of additional information would have been obtained by 
including the petioles. The pectic materials 1 were determined by the gen- 
eral methods described by Conrad (4) and by Appleman and Conrad (1). 
The data are presented in table X. 

TABLE X 

Data showing relation or boron to pecttc materials in tomato leaves expressed 
as percentage or their dry weight 


Amount or boron added to 

NUTRIENT SOLUTION (PPM.) 

0.00 

0.011 

0.55 

Pectin 

0.00 

0.00 

0.00 

Pectic acid and pectates 

0.00 

0.00 

0.00 

Protopectin , . 

6.98 

6.54 

5.85 

Reducing sugar 

5.42 

4.51 

4.11 

Sucrose 

0.22 

0.31 

0.50 

Total sugar . 

5.64 

4.82 

4.61 


So far as pectin, pectic acid and pectates are concerned no measurable 
quantities were found in any of the groups, even though the boron deficient 
plants were characteristically brittle. The leaves of plants supplied with 
0.55 ppm. boron showed somewhat less protopectin than the lehves of group 
A. It must be concluded from the evidence here presented that the brittle- 
ness is due to something other than pectic materials. It is interesting to 
note that the total sugar analyses follow in general the results obtained in 
the California experiments. 

Growth data 

The first boron experiment conducted at Maryland was outlined for the 
purpose of comparing the growth of two different varieties of tomato plants 
i The analyses in this experiment were made by Dr. C. M. Conrad. 
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in water cultures of three concentrations of boron, 0.0, 0.011 and 0.55 ppm. 
Each of the six groups was composed of 20 cultures of one plant each. The 
experiment covered the period from September 10 to October 22, 1927. 
The average data per plant of each group are presented in table XI. 

TABLE XI 

Data showing weekly height (cm.), total transpiration (cc.) and green and dry 

WEIGHTS (GM.) EXPRESSED AS THE AVERAGE PER PLANT PER EACH GROUP 


Week ending 

1927 

Plant groups 

A 

a 

B 

b 

C 

c 


cm. 

cm. 

cm. 

cm. 

cm. 

cm. 

September 17 

2.5 

2.8 

3.1 

3.3 

3.0 

3.3 

24 

4.2 

4.4 

6.5 

6.7 

6.3 

6.8 

October 1 

7.4 

5.8 

14.3 

13.2 

14.2 

13.7 

s.. 

13.0 

10.0 

28.1 

24.6 

29.2 

26.0 

15. 

17.3 

13.3 

29.2 

27.1 

35.8 

31.6 

22 

19.6 

17.0 

29.3 

27.5 

41.4 

36.5 


cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

Transpiration 

o 

QO 

CO 

253 

1565 

1389 

2085 

2033 

Green weight | 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

Tops 

15.6 

11.6 

43.8 

40.5 

50.9 

48.6 

Roots . . 

2.7 

1 2.3 

10.7 

10.6 

18.9 

19.4 

Total 

18.3 

13.9 

54.5 

51.1 

69.8 

68.0 

Dry weight 







Tops . . 

1.32 

0.95 

4.20 

3.89 

4.79 

4.29 

Roots . 

0.14 

0.11 

0.69 

0.67 

1.35 

1.31 

Total 

1.46 

1.06 

4.89 

4.56 

6.14 

5.60 


Note: A, B, C; Santa Clara Canner; a, b, c, Marglobe. 

A, a, No boron added to solutions. 

B, b, 0.011 ppm. boron added as boric acid. 

C, c, 0.55 ppm. boron added as boric acid. 

The first boron-deficiency signs were noted in groups A and a on 
September 19, only nine days after the seedlings were set out in the cul- 
ture jars. Four days later the cotyledons and leaves were a distinct pur- 
ple in color. In all probability this color was due to anthocyan, which is 
frequently associated with an excess sugar accumulation. Such an excess 
was found in the California experiments and later to a less degree at Mary- 
land. The indications were that the conducting tissues were either de- 
stroyed or never properly developed in these plants. 

The height measurements at the end of the first week indicate some 
injury to plants of groups A and a, and by the end of the second week little 
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doubt can be held as to the falling off in their rates of stem elongation. In 
groups A and a the terminal shoot soon died. This brought about a very 
peculiar form of growth. One, and often several lateral shoots developed 
in a manner illustrated in figures 3 and 4. The dead terminal shoot is 
clearly seen in figure 3. Attention is also directed to the swollen condition 



PlG. 3. Photograph showing a boron-delicient tomato plant, with dead terminal shoot 
and lateral shoot greatly thickened at its base. 

of the new shoot at a point just above the place where it joins the main stem. 
It would appear as if reserve food materials were accumulating at this 
point because of the inability of the conducting systems to transport them 
down the main stem. 
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A comparison of the two varieties shows Santa Clara Canner somewhat 
superior to Marglobe when stem height, and green and dry weights are 
used as growth criteria. Bach variety was equally susceptible to boron- 
deficiency injuries and for such studies either one may be used. The data 



Fig. 4. Photograph showing a boron-deficient tomato plant in which a number of new 
shoots have arisen below the dead terminal shoot. 

of table XI show another interesting point. The values for groups B and b 
at the end of the experiment are between those for groups A, a and C, e in 
every case. Indications are that boron has a quantitative effect. With 
0.011 ppm. boron in the nutrient solution, growth could take place at a 
rate similar to that where 0.55 ppm. was used, but only up to a certain 
point. From this point the inadequate supply of boron became the limiting 
factor. This is quite clearly shown in the weekly height measurements. 
Practically no difference in height existed on October 1 between groups 
B and C, and b and c. One week later, B and b plants showed signs of 
retarded growth and by October 22 there was no question as to their 
inferiority when compared with the plants of groups C and c. This differ- 
ence in stem heights is shown in figure 5. In a similar experiment carried 
out a little later in the year under slightly less favorable growing conditions 
practically the same results were found. Representative plants from the 
three groups in this experiment (boron added to solutions were 0.0, 0.011, 
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Fig. 5. Photograph showing tomato plants growing in similar solutions with the excep- 
tion of the boron concentration. Left, without boron; center, 

0.011 ppm. boron ; right, 0.55 ppm. boron. 

0.55 ppm.) are shown in figure 6. The growth curves of groups A, B, C, 
for which data appear in table XI are presented in figure 7 and perhaps 


Fig. 6. Photograph showing tomato plants growing in similar solutions with the excep- 
tion of the boron concentration. Left, without boron; center, 

0.011 ppm. boron; right, 0.55 ppm. boron. 
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show to a better advantage the quantitative effect of boron on stem 
elongation. 

Another experiment was carried out with the purpose of growing plants 
for a period of 6 weeks in a solution supplied with boron, then changing 
to a boron-deficient solution, and also, to grow other plants in a boron- 
deficient solution and then change to a solution containing boron. This 



Fig. 7. Average height (cm.) of tomato plants grown in nutrient solutions deficient in 
boron and in solutions to which 0.011 and 0.55 ppm. boron had been added. 
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experiment was performed at Maryland with the Mar globe tomato. The 
plants were grown from November 1 to December 13 without changing 
the nutrient solutions. They were then grown for four more weeks after 
the proper changes had been made. The data of this experiment are pre- 
sented in detail in table XII. At the end of 6 weeks distilled water was 
added to cultures whose solutions were not changed. All culture jars were 
of the two quart size with one plant per culture. 

TABLE XII 

Data showing average height (cm.) and final green and dry weights (gm.) of 

TOMATO PLANTS GROWN IN NUTRIENT SOLUTIONS TO WHICH BORON HAD 
AND HAD NOT BEEN ADDED AT THE BEGINNING OF THE EXPERIMENT 
AND AFTER 6 WEEKS. AMOUNT OF BORON ADDED IS 
SHOWN IN PARENTHESIS AS PPM. 


Period ending 

(0.55) 

(0.55) 

(0.0) 

(0.0) 

1927 

cm. 

cm. 

cm. 

cm. 

November 8 


2.5 


2.4 


2.1 


2.4 

15 ... . 


4.7 


4.4 


4.4 


4.6 

22 


7.5 


7.0 


7.3 


7.5 

29 

13.6 


12.4 1 


13.2 


13.4 

December 6 I 


17.8 


16.1 | 


17.5 


17.9 

13 


24.9 


22.9 


20.3 


21.0 

Solutions renewed with 

(0.0) 

(0.55) 

No 

renewal 

(0.0) 

(0.55) 

No 

renewal 


cm. 



cm. 

cm. 

! cm. 



cm. | 

cm. 

December 20 . 

29.8 



30.7 

28.8 

! 20.7 



22.4 j 

21.3 

26 .. 

33.2 



35.1 

31.7 

21.9 



24.3 

21.3 

1928 






i 





January 3 

38.8 



42.8 

35.6 

21.6 



28.6 

21.3 

10 

41.8 



50.0 

39.8 

21.8 



31.8 

21.2 

Number of plants in 

5 


5 

10 

5 



5 

10 

group 








Green weight 

gm. 



gm. 

gm. 

gm. 



gm. 

gm. 

Tops 

63 



66 

52 

34 



49 

22 

Boots 

13 



15 

18 

4 



13 

5 

Total 

76 



81 

70 

38 



62 

27 

Dry weight 











Tops ... 

6.9 



7.6 

5.8 

3.6 



5.0 

3.1 

Boots 

1.3 



1.8 

1.5 

0.3 



1.0 

0.3 

Total 

8.2 



9.4 

7.3 

3.9 



6.0 

3.4 


The upper part of table XII shows the average height per plant in each 
group on the dates indicated in the first column. For the first six weeks 
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little variation can be seen between the plants of the first two groups each 
receiving 0.55 ppm. boron. Likewise little difference exists in the height 
of the plants of the two groups receiving no boron for this same time period. 
The plants of the latter two groups are slightly shorter on December 13 
than those of the first two groups, but no significant differences can be 
detected on December 6, one week earlier. On December 13, the first and 
third groups were divided, thus making six groups. The treatments are 
indicated in the line between the dates December 13 and 20 of the table. 
As shown in the observation of January 10, four weeks after these changes 
were made, the effect of boron on stem elongation is very interesting. The 
average height of plants of group one, receiving no boron, is approixmately 
8 cm. less than their controls. The original second group in which no solu- 
tions w r ere renewed but which originally contained 0.55 ppm. boron has 
practically the same stem height value as the first half of group one. It 
thus appears as though a deficiency of boron were the limiting growth factor 
rather than a deficiency of any other element originally contained in the 
solution since all the elements of solutions in group one were renewed on 



Fig. 8. Photograph showing tomato plants grown for six weeks in given concentra- 
tions of boron, then changed to other concentrations for a period of four weeks. The 
following treatments were used (reading from left to right) : No boron and no renewal 
of solution; no boron, but solution renewed; no boron, then solution renewed plus 0.55 
ppm. boron. 
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December 13 and only distilled water added to cultures of the original 
second group. The green and dry weight data shown in the lower half of 
the table bring out this point but to a less extent. Turning now to the 
second part of the table, the groups originally receiving no boron, it will be 
noted that after six weeks of growth without boron the plants receiving 
boron for the last four weeks started to grow. By January 10, four weeks 
later, the plants in the second half of group four were 10 cm. taller than 
their controls. Both green and dry weight also indicate a remarkable 



Fig. 9. Photograph showing new leaf growth in tomato plants after they had been de- 
foliated. All solutions were similar with the exception of their boron content. 
Beading from left to right: No boron; 0.011 ppm.; 0.55 ppm. 


increase in growth due to the action of the boron added to the nutrient 
solution. 

This renewal of growth when the plants have not been deprived of boron 
for too long a period is shown in figure 8. The plants here shown are rep- 
resentative ones taken from groups receiving the last three treatments indi- 
cated in table XII. This remarkable influence exerted by boron on growth, 
especially on the formation of new cells in the growing points was observed 
in connection with the experiment from which data on the pectic materials 
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were obtained. After the leaves had been removed for analysis the defoli- 
ated plants were left standing in their respective culture media for four 
weeks. After this period it was observed that no new shoots had appeared 
on the plants of the boron-deficient solutions while new shoots and leaves 
were abundant on the plants in the group treated with 0.55 ppm. boron. 
The intermediate group of plants, those receiving 0.011 ppm. boron, con- 
tained a few new shoots and leaves. Figure 9 illustrates the appearance 
of representative plants from each of these three groups. 

Discussion 

The evidence presented by plant physiologists in recent years is such 
that boron must be regarded an essential element for the growth and normal 
development of many of the higher plants. As yet the exact function of 
this element is not known. To speak of it as stimulating in small concen- 
trations and as toxic in larger concentrations means little as to its funda- 
mental physiological relation to the plant. Toxicity is a matter of relative 
concentrations in the presence or absence of other substances. Even the 
“old” nutrient elements are toxic under certain conditions. The authors 
are in agreement with Sommer and Lipman (14) that to speak of the 
catalytic effect of an element merely expresses in other language ignorance 
in respect to its actual function. 

Brenchley (2) states, “The old ‘nutrients’ had certain definite char- 
acters in common, in that they were essential to plant growth, the growth 
being in a great degree proportional to the supply, a relatively large amount 
of the nutrients being not only tolerated but necessary. . . . Even those 
that cause increased growth or that may be essential for nutrition (boron) 
are not required in such quantities as potassium, phosphorus, nitrogen, etc., 
while there is no evidence that growth is proportional to supply.” It is 
true that boron cannot be used in quantities nearly as great as potassium, 
phosphorus or nitrogen, yet in these experiments with the tomato there is 
evidence of a quantitative relationship between growth and the amount of 
boron supplied. Reference to table XI and to figures 5, 6 and 7 clearly 
show a difference in growth where 0.011 and 0.55 ppm. boron were used. 

Sommer (13) found in her work with monocotyledonous plants such 
as corn, abnormal tillering as well as withering of the growing points of the 
tops. This interesting growth formation is no doubt related in some way 
to the peculiar growth forms (see figure 4) produced in the tomato after 
the growing points of the stems died. Apical dominance enters the problem 
at this point. As soon as the influence of the terminal shoot on the develop- 
ment of lateral buds is removed, these lateral buds begin their growth. 
Such dominating influence can be eliminated by removing the terminal 
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growing point; it amounted to the same thing in the tomato when the 
terminal shoot died from a cause attributed to boron deficiency. On a priori 
reasoning the abnormal tillering of corn in Sommer’s experiments may in 
part be explained as a pruning effect ; at least there is an interesting simi- 
larity in the behavior of these two widely different plants. 

Although extremely small quantities of boron are essential to the tomato 
plant this element must be supplied constantly. There is apparently no 
reserve built up in the plant for future growth since plants grown for six 
weeks in solutions containing boron and then grown in boron-deficient 
solutions soon showed characteristic symptoms of boron-deficient injuries. 
This is apparent from the data given in table XII and is in agreement 
with Warington’s (17) statement, “The fact that boron can be detected 
in the stem, leaves, and pods of the broad bean implies that the element 
becomes distributed throughout the plant after absorption; and further, 
the need for the supply of boron to be maintained during the life of the 
plant indicates that the initial reserve of the element in the seed is insuffi- 
cient for the needs of the plant, and that it is in some way fixed and not 
in a state of circulation.’ ’ 

A vital relationship exists between boron and the conducting tissues of 
the tomato. If boron is essential for cell division as seems to be the case 
in the meristematic tissue of growing points, its presence is just as much 
needed in the cambium cells where phloem and xylem tissues are forming. 
These are the tissues which together with the tip of the stem show greatest 
injury from a deficiency of boron. Both the chemical analyses and macro- 
scopic observations indicated a failure on the part of the boron-deficient 
plants to remove sugar from their leaves. This is apparently related to the 
broken down condition of the conducting tissues. Microscopic examinations 
of the petioles and stems of boron-deficient plants showed phloem necrosis. 
These general observations are in agreement with the anatomical studies of 
Warington (17) on Yicia faba grown in boron-deficient solutions. 

At first it was thought the characteristic brittleness of stems and petioles 
of boron-deficient plants was in some way associated with pectic materials. 
The experimental data, however, fail to substantiate such a theory. The 
observation by Brenchley (2) that boron occurs most abundantly in bark 
and lignified parts, suggests that brittleness may be related to a lack of 
proper lignification. No conclusions upon this point appear possible from 
the lignin-suberin values which we have obtained. 

Conclusions 

The conclusions drawn from a series of water culture experiments car- 
ried out at the Universities of California and Maryland with two varieties 
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of tomato, Santa Clara Canner and Marglobe, may be summarized as 
follows : 

1. The element boron in a concentration of approximately 0.5 ppm. was 
found necessary for the normal growth and development of the tomato 
plants studied. 

2. Tomato plants grown in boron-deficient solutions show four distinct 
types of injury; (a) death of the terminal growing point of stem; (b) 
breaking down of the conducting tissues in the stem; (c) a characteristic 
brittleness of stem and petiole; and (d) roots of extremely poor growth 
and of a brownish unhealthy color. 

3. As a result of broken down conducting tissues the boron deficient 
plants differed markedly from normal plants in their chemical composition. 
Total sugars and starch were more abundant in the leaves and stems of the 
boron-deficient plants while a greater amount of benzene-soluble matter 
was found in the leaves of the normal plants and in the stems of the boron- 
deficient plants. 

4. Evidence is presented which shows the possibility of a quantitative 
relationship existing between the amount of growth and the amount of 
boron present in the nutrient media. 

5. A concentration of 5.5 ppm. boron in the nutrient solution was toxic 
to the tomato plants. Symptoms of boron toxicity are quite different from 
deficiency injuries. 

The writers wish to acknowledge their indebtedness to Director H. J. 
Patterson of the University of Maryland Agricultural Experiment Station, 
to the Division of Plant Nutrition, University of California and to a grant 
from the American Potash and Chemical Company for funds which made 
it possible to carry on these cooperative experiments. Special acknowledg- 
ment is due to Professor Hoagland for his valuable advice and criticism 
throughout the investigation. 
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RELATION BETWEEN TOP AND ROOT SIZE IN 
HERBACEOUS PLANTS* 

John W. Crist and G. J. Stout 

In his Treatise on the Physiology of Plants Sorauer affirms that the 
plant must not be looked upon as an unchangeable organism, restricted to 
a definite form, but as being plastic, capable of further modification in any 
of its parts ; its usual shape being susceptible to alteration, within certain 
limits, as if it were made of wax. This principle has been substantiated by 
the practical gardener, who, besides seeking to grow herbaceous plants in 
situations to which they are the best adapted by nature, often endeavors to 
cultivate them successfully in special localities, and, in all localities, seeks 
to render them more useful to his purposes. 

Perhaps chief among the attempts of the gardener at altering normal 
physiological functions and interfering with the ordinary course of devel- 
opment is that of remodelling certain plants with respect to the relative 
size of top and root. His success in this effort has been remarkable ; so 
much so that there might seem to be an attainable “ideal balance” between 
size of top and root for every particular desire or necessity. However, the 
limits mentioned by Sorauer must exist, making it impossible to proceed 
beyond a certain point with a given species, and also rendering it likely that 
even within the limits set by nature, increasing or decreasing the normal 
development of either top or root in order to favor the other part may result 
in danger to the plant as a whole except this be attempted by persons who 
thoroughly understand the plant and its conditions of life and vigor. Obvi- 
ously, the aerial and subterranean portions of a higher land plant are mutu- 
ally dependent, since the roots furnish the raw nutrients and water obtained 
from the soil and often serve as places of storage, while the tops supply the 
elaborated organic compounds essential for growth. It is of practical sig- 
nificance and also of considerable scientific interest to determine the nature 
of this relationship, or, more specifically, to determine how much variation 
in this state of reciprocity occurs naturally, and how much may be induced 
experimentally. 

Literature 

Interest in the proportionate size of the top and root of the plant is of 
long standing. The following quotation is from the ancient writings of 
Varro (7) : “In autumn and winter the roots develop more than does the 
leaf of the plant because they are nourished by the warmth of the roof of 

* Published as paper no. 6 (n. s.) from Agricultural Experiment Station of Michigan 
State College. 
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earth, while the leaf above is cut down by the frosty air. We can learn 
this by observation of the wild vegetation which grows without the inter- 
vention of man,* for the roots grow more rapidly than that which springs 
from them, but only so far as they are actuated by the rays of the sun. 
There are two causes of the growth of roots, the vitality of the root itself 
by which nature drives it forward and the quality of the soil which yields 
a passage more easily in some conditions than in others. ’ * 

These early observations have been followed in more recent times by 
numerous experimental studies on the relation of top and root size, use 
having been made of many different species and varieties of herbaceous 
plants. •'A chronological review of the literature shows by way of generali- 
zation that there has been an increasing tendency to seek the causes under- 
lying variations in relative growth of top and root, and also to subject the 
data obtained to more complete mathematical analysis and interpretation. 
These trends at their highest present points are exemplified in reports such 
as those made by Weaver (9), Weaver and his associates (8), Turner (6) 
and Pearsall (3, 4), the latter having concluded that the relative sizes 
of plant organs conform to the equation X = CY k , where X and Y are the 
sizes of the organs, C is a constant expressing their relative sizes, and 
indicates the ratio of their relative logarithmic growth rates and the spatial 
arrangements of their meristems. Obviously, this formula sets forth the 
relationship that the logarithm of stem weight is directly proportional to 
the logarithm of root weight. When the two time-series of logarithms are 
plotted against each other the result is a straight line. 

In general, the available experimental evidence leads to the conclusion 
that herbaceous plants exhibit specific and varietal differences with respect 
to relative development of top and root under uniform environal conditions. 
However, few if any of the many types are non-plastic, that is, do not 
react to environmental changes by way of showing variations in the relative 
sizes of aerial and underground parts. The more intensive studies, par- 
ticularly those made on growth rates, indicate that though variation occurs 
there is a persistent tendency towards positive correlation. The present 
writers have not examined growth rates but have obtained final weights on 
the tops and roots of lettuce, radish and tomato plants from a number of 
different experiments and have treated the data as shown later. 

Methods of procedure 
Experimental 

In some of the experiments to be reported the plants were grown in 
greenhouse flats ; in others in flower pots of different sizes. Whether grown 
in flats or pots the containers were set on boards to prevent the exit of the 
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roots. Where pots were used, these were set on the bottom of the green- 
house bench and buried to their rims in moist sand. Any objection to the 
confinement of the roots in such containers can be met by the statement that 
this was simply one of the conditions under which top-root relations were 
measured. If the ultimate sizes of top and root are definitely and inevitably 
correlated, then the type of container might alter the degree of correlation 
but not destroy it nor change its character qualitatively. Furthermore, 
the use of flats and pots made it possible to recover the root systems readily 
and in toto. All the experiments were conducted in the greenhouse and 
every precaution taken to maintain uniform conditions of environment 
while any one of them was under way. 

When the plants were grown in pots, the roots were obtained by freeing 
the whole mass from the pot, immersing it in a large volume of water, and 
gently kneading it with the hands until practically all of the soil was washed 
out. Following this, the root system was washed twice more in fresh water 
and then placed between layers of newspapers to dry off for a given length 
of time before the weight was taken. 

When flats were used as containers, six plants were grown in each flat. v 
The process for securing the separate root systems was that of dividing the 
mass of soil into six equal blocks ; removing each one of the blocks by placing 
a square of galvanized iron under it, and immersing the block in water. 
From this point onward the method was the same as described previously 
for the plants grown in pots. 

Mathematical 

The top-root ratios were calculated in three ways: (1) as the quotient 
of mean (arithmetic) top to mean (arithmetic) root; (2) as the arithmetic 
mean of the individual top-root ratios, and (3) as the geometric mean of 
the individual ratios. The results from the use of these three methods of 
calculation on the same data differ sufficiently to necessitate making a 
choice among them. The properties of the geometric mean, when dealing 
with ratios, are such as to commend its use in preference to the others. 
On this mean and its probable error see Yule (10), Kelley (2), and 
Crist (1). 

When the number of individuals in any lot of plants was less than 25, 
Pearson's (5) factors for the correction of the standard deviation were 
used and the corrected standard deviation substituted in all other calcula- 
tions where the employment of the standard deviation was required. 

The product-moment formula (r =-2 — ) was used in calculating the 

Cf x ’O y 

coefficients of correlation. The probable error of r was obtained with the 
formula : P.E. r = 0.6745. 
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No difference less than three times its probable error was considered 
significant, the probable error of th e differen ce having been determined 
through the formula: P.E. d = 0.6745 y Oi 2 + o 2 2 . 

Interpretation of the significance of the coefficient of correlation was 
made according to the following rules: (a) If r is 0.5 (plus or minus) or 
greater, correlation is practically certain, (b) In order to be reliable 
r must be at least four times its probable error, (c) If, under various 
conditions of experimentation, r persists in having the same sign, though 
not always significant in itself, there is some evidence of a general though 
weak relationship of the character of this sign between the two variables. 

Experiments with lettuce (Grand Rapids Forcing variety) 

Use of raw sulphur and superphosphate (c.p. and commercial.) — The 
seed was sown broadcast in greenhouse flats, the seedlings selected at the 
proper time, and transplanted to other flats (6 per flat) in which they were 
grown for a period of 51 days. The soil was a fertile fine sandy loam. 
The data appear in table I. 

In each case shown in table I the ratio of the average top to average 
root Rj is less than R (the arithmetic mean of the ratios for the plants 
individually), while Mg lies between these two. The probable error for 
any Mg is higher than for the corresponding R. This is the relationship 
between the three forms of average which holds as a general rule. Accord- 
ingly, only the geometric mean will be given and used hereafter in making 
comparisons. 

The number of plants per lot was small, by design. This necessitated 
large differences, if they were to be significant. Under these conditions, 
superphosphate when applied either alone or along with raw sulphur, except 
in lot 4 where 800 pounds of the sulphur per acre were used, significantly 
increased the top-root ratio as compared with lots 1 and 2 where sulphur 
only was applied. 

The ratios do not vary directly with the total weights of average plants. 
The smallest plants have the highest ratio, the largest plants have the second 
largest ratio, while the plants intermediate in size have the lowest ratios. 

With so few plants none of the coefficients of correlation, including that 
for all the plants taken together, is significant. However, it is noteworthy 
that all of them are positive in character, one (lot 5) being above 0.5, and 
also that they do not vary consistently in magnitude with either the top- 
root ratios or with the average total weights of the plants. 

Influence of calcium nitrate, potassium chloride and superphos- 
phate. — The plants were grown in a very poor medium sandy loam soil in 
six inch pots. The nutrient treatments were applied in solution form at 
the beginning of the experiment. Further details and other data for this 
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experiment may be found in Michigan Experiment Station Tech. Bull. 74. 
1926. See table II for the results. 
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Again, as in the preceding experiment, the number of plants per lot, 
except lot 1, was small. Nevertheless, table II shows that any nutrient 
treatment increased the top-root ratio and the ratios show an unmistakable 
tendency to be continuously higher as more complete fertilization of the 
soil obtains. The average weight of plant increases along with the ratios 
except in lots 3 and 7. In these cases the increased ratio does not indicate 
an absolute weight of top greater than in the preceding lot but is brought 
about by a reduction in the root which exceeds that in the top, thus leaving 
the top actually smaller, but still relatively larger than the root. 

Though but one of the coefficients of correlation (lot 2) is significant, 
all are positive in sign; three of them (lots 2, 5, 6) being greater than 
0.5. Here, as in the former experiment, these coefficients sustain no uniform 
relation to either the top-root ratios or the average total weights of the 
plants. When thrown together into one group, the 56 plants show strong 
positive correlation, the coefficient being 0.879 db 0.020. 

Use op acid and neutral soil with* applications of hydrated lime and 
superphosphate. — Complete details of this experiment, which consisted pri- 
marily in a study of the acid tolerance of lettuce, can be found in Michigan 
State College Experiment Station Tech. Bull. 71. 1926, pages 14-18. The 
plants were grown in flats. Two types of soil were used. One soil was a 
mixture of two-thirds muck and one-third sand with a lime requirement of 
20,000 pounds Ca(OIl) 2 (Jones method). The second soil was a neutral 
fine sandy loam. The data, presented in table III, were taken when the 
plants had reached vegetative maturity. The number of plants per lot was 
larger than in either of the two former experiments. 

The twenty-seven lots of plants listed in table III fall into five groups, 
namely, lots 1 to 6 with increasing amounts of lime ; lots 7 to 10 with in- 
creasing applications of both lime and superphosphate; lots 12 to 17 with 
superphosphate constant while the lime treatments increase in size ; lots 19 
to 22 on neutral loam soil with superphosphate constant and lime applica- 
tions increasing in size ; lots 23 to 27 on neutral loam soil with increasing 
quantities of lime. Within any one of the five groups, the top-root ratios 
are approximately equal for the several lots, while at the same time, the 
average size of whole plants decreases with increased size of application 
of the materials used for soil treatment, due to both top and root being 
progressively smaller to about the same degree. 

The effect of soil type is very pronounced. The top-root ratios on the 
acid muck-and-sand mixture are conspicuously higher than on the neutral 
sandy loam. This holds true where comparable treatments were used as 
well as for the checks. Relative root development in the acid muck-and- 
sand soil mixture was greatly reduced. This went to a very great extreme 



TABLE III 

Top-root ratios and coefficients of correlation for lettuce plants 
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* Lots 1 to 17 inclusive, soil was muck-and-sand mixture. 
b Lots 18 to 27 inclusive, soil was neutral sandy loam. 

* All nutrient substances of commercial grade, unless noted otherwise. 
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in lots 7 to 10 where the lime and the superphosphate were increased 
together. 

In regard to the twenty-seven coefficients of correlation three, none of 
which is at all significant, are negative. Twenty-four of the coefficients, 
ten of which are above 0.5 and significant, are positive. Variation in the 
size of the coefficients is not consistent to any important extent with the soil 
treatments or the changes in the size of the plants and the ratios produced 
by these treatments. Correlation with all the plants taken in a single group 
is positive and clearly significant (0.543 ±. 0.026). 

Influence of length of day as modified by nutrient treat- 
ment. — The plants were grown singly, to vegetative maturity, in six-inch 
pots, the soil being a fine sand, low in fertility. Various nutrients were 
applied in different ways. The extra illumination of the plants designated 
as long-day plants was accomplished by means of 1000 watt Mazda lamps, 
socketed in porcelain enameled steel dome reflectors suspended at a height 
of 4.5 feet above the bench. Three of these bulbs, evenly spaced, were used 
over a bench 21 feet long and 5 feet wide, the pots containing the plants 
being distributed so as to give even illumination and also being systemati- 
cally shifted about in their places once each week. The experiment was con- 
ducted during the short cloudy days of the winter season. The day for 
the long-day plants was lengthened 6 hours as an average. The plants of 
the short-day lots were covered each day at 3 :00 P. M. and left covered until 
9 o'clock the following morning. The covers consisted of specially built 
light-tight boxes each 10 feet long, 5 feet wide and 3 feet high, with light- 
tight ventilators arranged in each end. See table IV for the results. 

An examination of table IV makes it clear that the top-root ratios were 
increased as the period of illumination was shortened. The differences for 
lots 1, 6 and 7, lots 2 and 8, and lots 3 and 9 are large and certainly signifi- 
cant. In the long-day group the nutrient treatments elevated the ratios 
decidedly. The increases in the short-day group are only apparent. 
Within groups, the increased ratios are associated with increased size of 
plant and greater actual weight of top, though the three largest ratios (lots 7, 
8, 9) obtain with plants among the smallest in size. While the nitrate treat- 
ments of the short-day plants elevated the top-root ratios apparently, 
large plants were not produced as with the long-day treatments. Though 
raw materials from the soil have been sufficient, assimilable food prod- 
ucts were not ample to give greater total growth more evenly distributed 
between top and root. 

All of the coefficients of correlation are positive, three of them (lots 1, 
6 and 9) giving evidence of certainty. The coefficient (0.685 dt 0.026) for 
all the plants, thrown together, is such as to make positive correlation 
certain. 
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Influence of length of day in conjunction with nutrient treat- 
ments (second experiment). — This experiment differed from the pre- 
ceding one in that it was performed during the spring season (April 17 to 
May 23), the former having been conducted in midwinter. The short-day 
plants had a day of eight hours, the long-day plants 16 to 18 hours, while 
the normal day was approximately 10 to 12 hours in length. Otherwise, the 
two experiments were duplicated as to methods. The results are shown in 
table V. 

The data in table V confirm the main conclusion that was evident from 
the results of the preceding experiment, namely, that the top-root ratio 
was raised as the day was shortened, either with or without the nitrate 
treatments. In two of the three groups the nitrate of itself significantly 
increased the ratio. Again, the highest ratios are for the short-day plants 
and are associated with the smallest plants which, at the same time, have 
the lowest actual weight of top, as well as root. 

All of the coefficients of correlation are positive, three of them being 
about 0.5 and no one of these three less than five times its probable error. 
The coefficient for the 178 plants is positive, more than 0.5, and is 21 times 
its probable error. 

Experiments with radish plants (Scarlet Globe variety) 

Use of nutrient substances on two soils of different composi- 
tion. — One of the two soils, the one designated as A in table VI was com- 
posed of five parts fine sandy loam and one part medium coarse sand; the 
other, B, of these types of soil, with the proportions reversed. These soils 
were treated as shown in table VI, and used in six-inch pots in which the 
plants were grown singly. 

Table VI shows that the nutrient treatments increased the average size 
of plant on each one of the two soils but the top-root ratio was not changed 
significantly. With one exception (lot 6) the average plant was larger on 
soil B than soil A, while at the same time the ratio of top to root is con- 
sistently lower, though the differences are not strictly real except as be- 
tween lots 1 and 2. 

* 

The ten coefficients of correlation are positive; seven of them being 
above 0.5. Of these seven, three are fully significant. The coefficient 
(0.694 ±: 0.031) for all the plants indicates certain positive correlation. 

Effect of length of day as modified by nutrient treatments 

This experiment was made simultaneously with the one on lettuce, the 
data for which are contained in table IV, using the same general methods 
of procedure. The period of illumination for the long-day plants was six 
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hours in excess of the normal day, while that for the short-day plants was 
four to five hours less than normal. The soil was a medium coarse sand, 
low in fertility. Table VII gives the results. 

With these plants (table VII), as with the lettuce plants (table IV), the 
top-root ratio increased as the day was shortened, the difference between lot 
1 and lot 6 being highly significant. The increases in the ratio are accom- 
panied by decreases in plant size, development in lots 6, 7 and 8 being very 
meager. Increases in the ratio due to nutrient treatments are only ap- 
parent. As to size of plant, the nitrate was effective, more effective with 
the long than short day. 

Bach of the eight coefficients of correlation is positive in character. 
Among the three that exceed 0.5, lot 2 is significant. The coefficient for the 
plants as a whole (0.824 dz 0.018) is especially high and reliable. 

Experiments with tomato plants 

Effect of size of container on top-root relation. — Pure line seed 
of the John Baer variety was sown on July 28. On August 14, the 
seedlings were potted singly in three-inch pots and remained in these until 
September 7. On the latter date, 51 of the plants were selected at random 
and weights of their tops and roots secured. Forty-one plants were shifted 
to five-inch pots, 41 to eight-inch pots, and 41 to 10-inch pots on Septem- 
ber 9. The soil, a fine sandy loam, high in organic matter, was the same for 
each of the four lots. No manuring of any kind was done. The experiment 
was concluded on October 10, when the plants in the five-inch pots were 
just beginning to show symptoms of deterioration because of becoming pot- 
bound. The leaves and stem were weighed separately. See table VIII 
for the results. 

The data in table VIII make it practically certain that the ratio of top 
to root rose as larger pots were used. This holds true whether the calcula- 
tions are based on whole top, on stem, or on leaves. The plants grew to 
greater size in the larger containers, with both stem and leaves increasing 
in weight and each of these making greater relative growth than the root. 
The leaves constitute a greater percentage of the entire top than the stem, 
and gain in this respect occurs while the stem loses as the pots are larger. 
Furthermore, the gain in size relative to the roots is greater for the leaves 
than it is for the stem. The ratio of top to root for lot 2 as compared with 
lot 1 is not significantly different, while w T ith lots 3 and 4 the ratios are 
clearly higher. 

All of the coefficients of correlation are positive and all fully significant. 
Six of the nine are above 0.5. Though the differences are not always equal 
to three times their probable errors, the indication that the degree of corre- 
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lation lessened as the containers were larger and that the correlation be- 
tween root and stem was the most pronounced, is quite certain. This means 
that the degree of correlation lessened as the plants became larger and the 
ratios of aerial to underground parts increased. Correlation of top and root 
for the entire number of plants (174) is nearly perfect, while tending to be 
slightly less for stem and root, and for leaves and root. 

Influence of deflowering on pruned and unpruned plants. — In this 
experiment, the plants were of the Grand Rapids Forcing variety and were 
brought along to the stage for transplantation to pots in the same manner 
as those of the preceding experiment. They were transplanted to six-inch 
pots and grown therein on a fine sandy loam soil, well supplied with organic 
matter, for a period of 33 days. One lot of 84 plants was kept trained to a 
single stem, another lot of the same number allowed to go unpruned. Forty- 
two plants of each of these two groups had the flowers of the clusters 
(3 clusters mostly) removed as they opened. See table IX for the data. 

Table IX shows some differences which appear consistent, though none 
of them is great enough to be considered significant. The plants are larger 
and the ratios higher for the unpruned plants than for the pruned and in 
both of these two groups larger plants with higher ratios obtain for those 
from which the flowers were not removed. Thus, higher ratios are appa- 
rently associated with the heavier plants. 

With the eighteen coefficients of correlation, thirteen are greater than 
0.5, and no one of the eighteen is rendered unreliable by the size of its 
probable error. Though the differences in the coefficients are consistent, 
being higher for the unpruned than the pruned, and higher for the plants 
from which the flowers were removed, they are too small, without exception, 
to be significant. 

Effect of bottom heat on pruned and unpruned plants. — The work 
here differed from that for which the results have been given in table IX 
only in that bottom heat was supplied to the bench wherein the pots were 
placed. This elevated the temperature of the plants as a whole but espe- 
cially that of the soil and the roots it contained. The arrangement for 
bottom heat was that of steam pipes swung under the bench at a distance 
of about 18 inches from the bottom of the bench, and heavy burlap, reach- 
ing to the floor, hung around the sides of the bench. Heat was kept on 
during the nights, sufficiently to hold the temperature of the moist sand 
about the pots at a point averaging about 15 degrees above that of an- 
other bench not provided with bottom heat. The results are presented in 
table X. 

In table X, the top-root ratios are higher for the unpruned than the 
pruned plants, though the differences are small and insignificant. Com- 
paring the data with those from table IX for corresponding groups of plants 
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(lots 2 and 4) it becomes apparent that the use of bottom heat greatly in- 
creased the size of average plants. It also led to higher top-root ratios, the 
difference for the pruned plants being significant. 

Each of the nine coefficients of correlation is positive, above 0.5 and fully 
reliable. None of the apparent differences between the coefficients that 
are comparable are significant. Better correlation of aerial parts with root 
obtained than in the preceding experiment, but the differences are only 
apparent. 

Discussion and conclusions 

Under any given circumstances an herbaceous plant has a definite pos- 
sibility as regards total growth and ultimate size. But, while the plant is a 
unit, functioning and developing as an organic whole, there are distinctions 
of degree as regards the top and root. Significant variations in the relative 
distribution of growth between top and root occur naturally and may be 
readily induced by experimentation. The two parts are dependent, and, 
in general, they increase together, but not in a continuous and fixed pro- 
portion, whatever the time in the life cycle and the environment may happen 
to be. This is fully substantiated by comparisons of top-root ratios, even 
when the data are subjected to the standard tests of statistical analysis and 
the geometric type of average used in the process of interpretation. Pear- 
sall ( 4 ) points out that the value of k (ratio of average logarithmic growth 
rates) in the equation S = cR k varies with conditions of growth, as well as 
the type of plant. With etiolated seedlings of Pisum sativum , k was 2 to 3 
times as great as when the plants were grown in the light. High nitrogen 
also elevated the value of k. 

Though the relative development of top and root varies widely in nature 
and under experimental conditions, the two parts show a persistent inter- 
dependence on the basis of their respective final masses. While this rela- 
tionship is neither markedly close nor constant in degree, it is present, in 
general, as a permanent characteristic. Top and root in higher plants, 
except in a few forms like certain species of TUlandsia which are rootless, 
other organs discharging the functions of roots, vary concomitantly. Gen- 
erally speaking, correlation between top and root is positive, or in other 
words, increased size of top is accompanied by increased size of root or vice 
versa . This principle is deducible from the correlation coefficients that have 
been presented, though not as certainly from the top-root ratios. The ratios 
are somewhat inadequate, based as they are on the absolute values of 
weight. The coefficients of correlation which are derived through deviations 
from the line of average relationship afford the necessary criteria. 

An examination of the preceding tables shows little or no tendency of 
the size of the plant to be dependent upon or governed by the degree of 



CRIST AND STOUT — HERBACEOUS PLANTS 


83 


correlation between root and top with respect to final mass. Correlation 
is certainly positive in character, but it does not show itself to be stronger 
as the plants average larger in total weight, nor less as they average smaller. 
In fact, if there be any relationship at all of this kind, it tends to be nega- 
tive rather than positive. More often, the higher coefficients of correlation 
are associated with average plants that are relatively smaller. From this 
it may be inferred that when conditions are such as to leave the growth of 
the whole plant less restricted, correlation between top and root appears 
to be lessened. 

These facts help to explain the wide range of plant adaptation observed 
in nature. In so far as survival, establishment and perpetuation hinge upon 
changes in relative development of top and root to meet existing conditions, 
the margin of possibility is quite great. Likewise, the position of the prac- 
tical grower is rendered advantageous. He has considerable latitude by 
way of opportunity to alter relative size of top and root in seeking to realize 
his desires. An 4 4 ideal balance' ’ from the gardener's standpoint is one 
which promotes the plant's thrifty development, while at the same time its 
growth respecting time, amount, type and place (localization in plant part) 
is such as to suit his material purpose. When the fact of the plant’s 
plasticity is known, it remains essential that the proper means for producing 
desirable modifications be understood ; and furthermore, that the limits of 
variability, which if exceeded will endanger the plant as a whole, be re- 
spected. 

Summary 

Lettuce experiments. — 1. The top-root ratio varied with experimental 
conditions between the extremes of 0.79 (table IV, lot 1) and 12.96 (table 
III, lot 7). 

2. Under the following circumstances the top-root ratio was increased : 
Application of superphosphate either alone or with raw sulphur on a fertile 
fine sandy loam soil (table I) ; progressive improvement of fertility in a 
very poor medium sandy loam soil (table II) ; with an acid muck-and-sand 
soil mixture as compared with a fertile fine sandy loam, neutral in reaction 
(table III) ; the addition of both lime and superphosphate to an acid muck- 
and-sand soil mixture (table III) ; shortened period of daylight illumina- 
tion in comparison with either normal or artificially lengthened day (tables 
IV and V) ; use of sodium nitrate alone and with superphosphate in con- 
junction with either long or short-day light treatment (tables IV and V). 

3. The top-root ratio was lowered by long-day illumination (tables IV 
and V). 

4. The coefficients of correlation for the separate lots of plants vary 
widely and show no definite relation, respecting their magnitude, to average 



84 


PLANT PHYSIOLOGY 


sizes of whole plants, but on the whole are decidedly positive in character. 
The coefficient of correlation for all lettuce plants taken together as a single 
group (975 individuals) is 0.521 dr 0.018. 

Radish experiments. — 5. The top-root ratio was higher for plants grown 
on a soil composed of 5 parts fine sandy loam and 1 part medium coarse sand 
than for those on soil of same components but with the proportion reversed 
(table VI). 

6. As with lettuce, the top-root ratio was higher for short-day plants and 
lower for long-day plants in comparison with normal-day plants (table VII). 

7. Correlation between top and root was variable in degree but clearly 
positive in character. The coefficient for all radish plants grouped together 
(277 individuals) is 0.728 dr 0.019. 

Tomato experiments. — 8. The ratios, whether based on the mass rela- 
tion of whole top, leaves only, or stem only to the root, increased as the size 
of the container used was greater (table VIII). 

9. Higher ratios obtained consistently (though the differences are not 
mathematically certain) for unpruned plants, for non-deflorated plants 
both pruned and unpruned, and for plants provided with bottom heat 
(tables IX, X). 

While none of the differences between the coefficients of correlation for the 
several experimental lots is great enough to be mathematically significant, 
it is noteworthy that the coefficients are apparently higher for unpruned 
than pruned plants, for plants from which flowers were removed than those 
not treated so, for plants grown in larger containers, and also higher as 
between root and stem than between root and either whole top or only the 
leaves. The coefficients are more consistent than for either the lettuce or 
radish plants and the positive nature of correlation even more evident. 
The coefficient of correlation with all tomato plants thrown into one 
group is for whole top and root (440 individuals) 0.885 dr 0.007 ; stem and 
root (389 individuals) 0.792 ± 0.013 ; leaves and root (389 individuals) 
0.836 dr 0.010. 

General. — The concrete results that have been presented are not alto- 
gether new and different. In the main, they confirm other investigations in 
showing the great variability possible in the mass relation of top to root, 
and give credence to the idea of an “ideal balance” obtainable, within 
limits, by nature in the process of natural plant adaptation and by plant 
growers to suit their needs and purposes. It is thought, however, that im- 
proved methods for the analysis of data of this type, especially use of the 
geometric mean and the coefficient of correlation, have been employed, and 
furthermore, that the fact of persistent positive correlation in size of top 
and root, regardless of the wide variation shown under special conditions, 
has been demonstrated. 

Michigan State College, 

East Lansing, Michigan. 



CO 


CRIST AND STOUT — HERBACEOUS PLANTS 85 

LITERATURE CITED 

1. Crist, J. W. Ultimate effect of hardening tomato plants. Michigan 
State Coll. Agr. Exp. Sta. Tech. Bull. 89. 1928. 

Kelley, T. L. Statistical methods. 1923. 

Pearsall, W. H. Studies in growth. IV. Correlations in develop- 
ment. Ann. Bot. 37 : 261-275. 1923. 

4. . Growth studies. VI. On the relative sizes of growing 

plant organs. Ann. Bot. 41 : 549-556. 1927. 

5. Pearson, K. On the distribution of the standard deviations of small 

samples. Biometrika 10 : 522-529. 1915. 

6. Turner, T. W. Studies of the mechanism of the physiological effects 

of certain mineral salts in altering the ratio of top growth to root 
growth in seed plants. Amer. Jour. Bot. 9 : 415-445. 1922. 

7. Varro. Roman farm management. N. Y. 1913. p. 154. Trans, by 

A Virginia Farmer. 

8. Weaver, J. E., Kramer, J., and Read, M. Development of root and 

shoot of winter wheat under field environment. Ecol. 5: 26-50. 
1924. 

9. . Investigations on the root habits of plants. Amer. 

Jour. Bot. 12: 502-509. 1925. 

10. Yule, G. U. An introduction to the theory of statistics. London. 
1924. 7th ed. p. 123. 




THE MECHANISM OP THE WATER TIGHT DOOR OP 
THE UTRICULARIA TRAP 

Francis E. Lloyd 
(with five figures and one plate) 

Introduction 

Of the various devices found among plants with the function of entrap- 
ping animals, none has been more intriguing than that of Utricularia. In- 
teresting and complex as are the pitchers of Sarracenia, DarUngtonia , 
Nepenthes, Cephalotus, these are passive in their behavior, aside from the 
secretion of digestive enzymes [Hepburn and his co-workers (10)]. Far 
more remarkable are considered the submersed Aldrovandia vesiculosa L. 
and the land form Dionaea muscipula, the leaves of which, when stimulated, 
respond by closing over the unwary insect or other animal which touches 
the sensitive hairs (3, 6). Utricularia, however, possesses bladder-like traps 
which are purely mechanical in their action when once set, and entrap small 
animals in much the same way as does a mouse trap of the old-fashioned 
kind. The setting, which is automatic, is the result of a peculiar physio- 
logical behavior of the walls of the bladder (recently studied by Czaja). 
Beyond this, the trapping action is mechanical, the captured animals being 
hopelessly ensconced within, when death and digestion finally overtake them. 
As will be seen, the setting of this trap results from negative pressure of 
water within. The maintenance of this reduced pressure is made possible 
by the tight closure of the door. Many attempts have been made to explain 
how this efficiency is attained and it was the unsatisfactory answers to the 
question which prompted the present inquiry. 

The structure of the Utricularia trap (or bladder, as it is frequently 
called) is so well known and has been so often described, that repetition is 
unnecessary here (see 1). There are numbers of species, which differ in 
various details, but they have in common the trap structure, and all appear 
to work in the same way (8, 9, 11). In the present paper attention is con- 
fined to Utricularia minor. In this species the trap is compressed pear- 
shaped, with the entrance at the narrow part where it is truncated. The 
entrance is guarded by a crescentic ridge, the threshold (plate II, fig. 1), 
against which rests the edge of the door. The hinge of the door is a semi- 
circular fold attached to the walls of the trap from the inner edge of the 
threshold on one side where it gives on the wall of the bladder about the 
opening to the corresponding point on the other side. The structure of the 
door is such that, when its cells are alive and turgid, it has strong outward 
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spring, but is kept from springing too far forward by its own shape and 
emplacement (fig. 1) # . If cut away from the sides of the trap, it springs so 
far forward that the entrance is entirely open. The capacity of the door 
for bending resides in the form of the component cells (plate II, fig. 7), 
which have been often described. There is a vestibule-like space in front 
of the door, from the inner surfaces of which extend glandular trichomes. 
Similar trichomes, but of more varied forms, grow out also from the outer 
surface of the door; and in addition to these there are (usually) four stiff, 
pointed trichomes which serve as levers, and may be appropriately called 
trigger hairs (fig. 1). These are attached obliquely to the outer surface of 
the door near the middle point of the lower free edge. The part of the door 



Fig. 1 . Diagram of sagittal section and perspective view of the entrance of a trap 
with the door in the set position and showing the articulation of the door 
with the wall, 
d e. Transverse reach, 
b e. Lateral reach, 
b c. Articulation with the threshold. 

b a. Lateral reach of the free edge of the door, crossing the threshold, 
a d'. Middle reach of the door lying in front of the threshold. 

The dotted line below d', shows the tripping position of the door, 
v. The veil or valve, 
p. The pad. 
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between the insertion of the trigger hairs and the free edge is well thick- 
ened (fig. 1) and has a much thickened cuticle (12) ; the trigger hairs and 
the thickened door edge are so firmly of a piece that when the hairs are bent, 
the door edge bends with them. The fulcrum for this lever movement is 
furnished by a very thin spot in the door, just above the insertion of the 
trigger hairs. It must further be understood that the door is domed, the 
convex surface being directed outwardly. It is thus able to withstand a 
considerable, but unmeasured, pressure of water. This pressure results 
from the circumstance that the water within the bladder is pumped out by 
the walls, the lateral of which consequently become incurved, as it were col- 
lapsed, when the trap thus becomes set. It is to be especially remarked that 
the set condition is permanent (12, 6, 13), from which it must be concluded 
either that the door does not allow any leakage of water into the interior, or 
that the cells of the walls can pump it out as rapidly as it gets in. 

The foregoing statement of the case is common knowledge and may be 
summarized briefly as presently follows. 

(a) The normal, that is, undamaged or not otherwise discommoded trap, 
is, when set, water tight as respects mass movement of water (12, 6). For 
only a brief period (less than 1/16 sec.) can water enter. This occurs when 
the trap is sprung. 

(b) The set condition results from the withdrawal of water from the 
interior of the bladder or trap, through the walls. There is thus set up a 
reduced pressure of water within. In this condition the lateral expanses of 
the wall of the trap are strongly inbent, so that they become markedly con- 
eave (2, 12, 6, 13). 

(c) When in this condition, the concave sides of the trap can act as rela- 
tively powerful springs. By their sudden bulging out, they can pull 
through the entrance a considerable column of water with great suddenness. 
Any animal not too large, which happens to lie within this column of water, 
is immediately carried into the trap. 

(d) The sudden bulging out can occur normally only if the trap 
is sprung (12, 6). This happens when the trigger hairs are suitably dis- 
turbed, namely, in such fashion that the middle portion of the free edge of 
the door is lifted. At the moment of lifting, the side walls spring out, the 
whole mechanism passing instantly from a state of labile into one of stable 
equilibrium. 1 

(e) The walls hereupon begin to pump out the water at such a rate that 
the trap may become set again after the lapse of 15 minutes (12) or usually 

i Springing of the traps occurs when the plant is raised out of the water into the 
air and the water allowed to drain off. Brocher, noticed a clicking sound caused 
thereby. M eel’s explanation that the surface tension of the films of water about the 
trigger hairs accomplishes the tripping is probably correct. 
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a rather longer period (13). We (Lloyd and R. D. Gibbs) have observed 
the capture of a second worm 35 minutes after the first capture. As soon 
as a sufficient volume of water has been pumped out, that is, when the sides 
of the trap have become more or less concave, the trap has become automati- 
cally reset. 

(f) The pumping out of the water is a function of the walls, which 
Czaja described as semipermeable. The action is referred to the two- and 
four-armed trichomes, which are regarded as absorbent structures (12, 6). 
There is insufficient proof of this, but the matter does not enter into the 
present discussion. 

(g) As stated in (a) above, the set condition is permanent. Merl saw 
that no dyes enter even during a period of days. Czaja showed, by pass- 
ing a human hair underneath the edge of the door, that unless the opening 
at the entrance is completely closed, the trap does not reset itself. 

(h) This hermetically sealed condition, to use Merl’s phrase, is owing, 
according to all observers except Brocher and Withycombe, to the firm 
pressure of the lower free edge of the door against the top of the threshold. 
According to the majority view the effective sealing of the entrance results 
from the pressure, eventually produced by the turgor of the door cells, of 
the free edge of the door against the opposed surface, but seconded by the 
presence of mucus (13) or mucilage which acts as a plugging material, fill- 
ing the reentrant angle formed at the edge of the door. All students of the 
matter have agreed on this latter point. The various views with regard to 
the articulation of door edge with the threshold are indicated by the follow- 
ing passages: “. . . ihr freies Ende auf einem hufeisenformigen Rahmen 
als Widerlager ruht” (8, 1889, p. 152); “. . . mit der freien vierten 
Seite dem den Antennen gegeniiberliegenden dicken, mit ebenfalls Schleim 
bildenden Zellen besetzen Miindungsrande von unten d.h. vom Blasenin- 
nem her, anliegend” (4, 1888, p. LIX) ; “ihre Klappe schliesst mittels eines 
Schleimwulstes so fest, dass aus dem Innern niehts heraustreten kann” 
(11, 1910, p. 211). 4 4 Die hochst elastische Klappe die . . . dem Wider- 
lager ziemlich fest aufliegt . . .” (12, 1922, p. 73). “Der mittlere Teil 
liegt dem Polster auf und ist schmal, die seitlichen Teile liegen ebenfalls 
auf . . .” (6, 1922, p. 713) ; Brocher, sensing the unsatisfactory character 
of these or similar descriptions, remarked “s’il 6tait dispose aussi simple- 
ment que cela est represente g^neralement dans les livres, cet etat de pres- 
sion negativ ne pourrait exister, et se maintenir, h, Tinterieur de 1 ’utricle. 
Mais tel n’est pas le cas. La disposition est un peu diff6rente et rend cet 
etat de chose possible. 7 ’ He then states that the inward flexing of the sides 
has the effect of augmenting the curvature of the door in such fashion that 
“le bord libre de celui-ci s ’applique d’autant plus exactement contre le re- 
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bord (X in his figure) de 1 'utricle qui lui est oppose, que la courbure de 
Topercule est plus considerable ’ ' (2, p. 43-44). “This margin (of the 
valve or door) is sharp, thin and smooth and rests on the edge of a rim or 
collar which projects into the interior of the bladder. The collar obstructs 
any outward movement (italics mine) with the result that the valve (door) 
can only open inwards' ’ (Arber, 1920, p. 93). The last quotation is given, 
not in criticism of its author, but because it summarizes the then accepted 
view. 

Withycombe (13), however, became still more aware of the discrepancy 
between the accepted accounts and the behavior, and came to believe that 
the edge of the door rests, not on the top of the threshold, but in a “slight 
groove" in front of the “collar cells." His evidence, however, derived 
from fixed and paraffin-sectioned material, misled him on this point, the 
threshold tissues having shrunken so much as to completely distort the shape 
of the upper surface. As will be shown, the door edge rests against the top 
of the “collar cells," or pad, and not against their forwardly directed lat- 
eral faces. Withycombe did not apparently apprehend the fact that the 
door edge crosses the threshold (6). The sealing “mucus" he supposed to 
have been secreted by the middle layer of the “collar cells" (his figure 5, 
13). Withycombe, therefore, believed rightly that the door edge presses 
inwardly against an outwardly opposing surface, but failed to determine 
what surface, and further accepted mucilage or mucus as the sealing 
material. 

Having thus been led to investigate the matter, it has been possible to 
show that the mechanism which prevents the inward leakage of water into 
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the trap is not the door alone with a seal of mucilage, but the door acting 
in cooperation with -a valvular membrane attached to the front margin of 
the threshold. Furthermore, the lower edge of the door lies, when in nor- 
mal position, not on the threshold, nor pressing outwardly against the outer 
raised margin, but pressing inwardly against the outer aspect of this mar- 
gin. It is this emplacement of the free edge of the door along a 
ligne d’appui, coupled with the valvular action of a curtain-like membrane, 
that together prevent the seepage of water. The permanence of the set 
condition of the trap, depending on the foregoing, has been verified by me, 
with the cooperation of Mr. R. D, Gibbs. In addition we have also deter- 
mined the behavior of the traps, finding ourselves in agreement with Czaja 
and Merl especially in regard to the springing of the trap. We have done 
this with a needle point and have watched animals (small worms) being 
entrapped, 2 and have come to the conclusion that the downward movement 
of the trigger hairs (that is, away from the plane of the antennae) is the 
most effective, if not the only normal condition for the release of the door. 
I find that unless the lower edge of the door is engaged by pressing inwardly 
against the raised outer margin of the threshold (figs. 1, 4), it is unable to 
resist the pressure of the outer water (assuming the trap to be set) and 
accordingly bends inwardly, admitting water, or air if water is not present, 
as Brocher observed. To release the door edge from this engagement, it 
must be lifted free of the opposing margin of the threshold. The moment 
this is accomplished the door gives way entirely to the inrushing water. It 
is now in order to present an account of the mechanism as thus compre- 
hended, The significance of a number of details of structure hitherto negli- 
gible, or at any rate neglected, will now come to light. 

Observations 

First we will take up the opening into the trap and the threshold. Con- 
sidering, for the purpose of description, that the antennae arc attached to 
the upper lip of the trap, the threshold bars the entrance a short, distance 
within the vestibule. The plane in which it lies will be used as a plane of 
reference in the following description. 

The threshold 

The threshold is a massive curved structure, the upper surface of which 
forms a flattened crescent with the horns projecting slightly toward the 
interior (figs. 1, 4; plate II, figs. 1, 2, 9). Looked at from above, the eye 

2 A motion picture has been made of this, using no artificial assistance, depending 
wholly on the behavior of the worm. This picture was exhibited at the New York meet- 
ing of the Botanical Society of America, December, 1928. 
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of the observer being in the threshold-plane, the forward or outward mar- 
gin is curved like a conventional Cupid’s bow, the chief curve, that of the 
body of the bow being in the middle, the rear or inner margin, straight or 
nearly so. The inner surface extends steeply downwards and is clothed 
with bifid glandular or absorbing hairs, whatever this may mean. There 
appears, however, to be another margin within this one just described. This 
is due to the presence of a pad or mat of epithelium composed of glandular 
trichomes (IS) (trapezoidal as seen from above) which in a transverse sec- 
tion of the threshold appear columnar with rounded free surfaces. The 
shape of the pad is such that the rear limb is symmetrical with the forward 
limb, being broad near the horns and in the middle (though here not as 
wide as the total width of the threshold) and narrow between these points 
(plate II, fig. 9). The relation of this pad of tissue to the threshold as a 
whole is important and may best be understood by viewing a transverse sec- 
tion of the threshold (sagittal with reference to the trap as a whole). In 
such a section (fig. 5 ; plate II, figs. 3-5, 8) one sees the pad as a dense tissue 
forming the top of the threshold and bending over the outer margin. This 
bent-over part furnishes a surface for the free edge of the middle portion 
of the door to rest against when in a set position. As above stated, this 
margin is outwardly curved. To this curve fits the curve of the middle por- 
tion of the free edge of the door when in the set position. It may be ob- 
served that the raised outer marginal epithelium with its pad of glandular 
cells is supported by very large cells jutting upwards above the general level 
of their neighbors. 

The pad (“Pflasterepithel” as Goebel called it) is of further and prime 
importance, in that the cuticle of its glandular cells exfoliates during devel- 
opment, and before the trap opens for business, but remains attached by its 
forward margin . This loosened cuticle thus forms a veil suspended between 
the horns of the threshold and attached to it along a line well below its for- 
ward margin at the forward limit of the pad. The presence of this veil has 
been hitherto overlooked ; indeed, I have overlooked it myself for years. It 
is only with great care that sections can be cut (of fresh material, of course) 
without tearing it away. When it remains, it is so diaphanous that either 
it is not seen (in transverse sections of the threshold usually) or appears 
merely as the top of the threshold when seen looking along the sagittal axis. 
The forwardly directed surface of the pad and the veil form a pocket. It 
thus comes to have a definite function as a valve , sealing the fissure between 
the edge of the door and the threshold , just as a bit of leather stops the leak- 
age of the piston head of a pump. 

The exfoliation of the veil takes place rather late in the development of 
the trap. In bladders as small as 0.33 mm. in length it has not yet appeared 
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but is recognizable at 0.47 mm. At these stages of development the door 
overhangs the threshold (Goebel) coming into its definitive position later. 
When first evident, it is to be observed over the outer one or two rows of 
pad cells, the exfoliation evidently beginning in this region and extending 
back (plate II, figs. 3-5, 8). In younger traps the veil appears more defi- 
nite and circumscribed, but with age becomes more extensive and ill-defined 
at its loose posterior border. The ragged appearance of the loose margin 
of the veil is due to its irregular tearing away from the pad cells in the more 
interior region, that toward the inner margin of the threshold. The very 
thin ragged portion bears the evident imprint of the tops of the cells from 
which it arose. 

A feature of the development of the veil must be especially mentioned, 
namely, that during the earlier period of its exfoliation there is an expan- 
sion of its area, so that it balloons away from the cells from which it arises. 
The impress of the cell top is, as a result, an exaggeration of the pattern 
present in a surface view of the pad. The large size of the meshes of the 
veil appears out of eongruity with the smallness of the pad cells ; it is only 
when the behavior during origin is known that the incongruity is removed. 

The veil is cutinized (is insoluble in strong sulphuric acid) and yellows 
with iodine, when it can be easily seen. When bleached of iodine and lying 
in glycerin it becomes exceedingly diaphanous. 

The door 

The door, called by some the valve, is a structure of complex curvatures. 
It may best be described in relation to figures 1 and 3. Figure 3 is intro- 
duced for the further purpose of indicating my dissent from Czaja’s 
mapping of the areas which he recognizes. His effort, was concentrated on 
explaining the behavior of the door as a structure which presses down and 
outwardly on the threshold. Since this is not what happens, his descrip- 
tion fails in cogency. 

The insertion of the fixed margin of the door is along a U-shaped line, 
the plane of which is almost at right angles (ca. 100°) to the threshold 
plane, and so disposed that the free ends of the U coincide with the ends of 
the threshold where it gives on the side wall (fig. 1, b c). From this line of 
insertion the door hangs in such fashion that the free edge, that which 
articulates with the threshold, is nearly circular. This shape is retained 
normally by its own turgor. Plate II, fig. 6, is a photograph taken at right 
angles to the plane embracing the free edge of a freshly removed door. 
When in position, the thin edged sector ( a b c, afb'c', fig. 3) is somewhat bent 
inwardly in adjusting itself to the threshold. In addition to this curva- 
ture, the door is also curved normally to the plane of the free edge. When 
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forced by pressure into a nearly flat plane, it takes the form of fig. 7, plate 
II. There are, it is evident, as indicated in fig. 3, three regions — a middle 
generally circular area, truncated below to form the middle region of the 
free edge (a a '), and flanked by two triangular smaller pieces (a b c, a'b'c ') 
which fold along the lines a c and a'c' when the door is in position. The 
door is attached along bed c'b', the hinge at d being a strong curve which 



Fig. 3. Map of the door as seen when approximately flat, 
baa' b'. The free edge of the door, 
a a'. Middle reach, 
ab and a'b'. Lateral reaches, 
ae and a'c'. Lines of the fold. 

c a a' c'. Follow the curve of the threshold when the door is in the natural 
set position. 

e f and e' f'. Approximate lines of lateral flexure. 

g g'. Approximate line of transverse flexure. Median flexure occurs along 
the line d d'. 

X- Central hinge area; the base of the four trigger hairs are indicated, 
below which is the thickened margin or wale of the door, 
b c and b' c'. Articulations of the door with the threshold. 

c e and c' c'. Continuations of the lateral articulations against the wall of the trap, 
e d e'. Transverse articulation. 

is maintained in the transverse reach g g' to become in the lateral reach 
•( e c, e'e') a simple attachment. The structure of the wing ab c is continu- 
ous with that of the middle piece, and I am unable to identify the triangular 
areas plotted by Czaja ( e f g in his fig. 3, 1922, my fig. 3). The line of the 
bend, with which Czaja seems to identify his triangle efg, lies strictly along 
a c, a'c' in my fig. 3 (e d in his figure) . When in position this line of bend- 
ing follows the forward edge of the threshold from the horn (c, c', fig. 4) 
to a point on this edge where the free edge of the door crosses (a, a', figs. 
1, 4) to the outer surface of the threshold. The chink formed between the 
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fold of the door and the edge of the threshold lies behind the veil, which 
accordingly blocks it. Czaja’s account postulates a bend running above 
the thickened margin of the middle piece (/ /' e' in his figure), whereas as 
a matter of fact there is none there. He accords a corresponding discon- 
tinuity of structure indicated in his figure by lines. The fact seems rather 
to be that the structure of the lateral areas is completely congruous with 
that of the middle piece. 

The narrow region below the insertion of the trigger hairs is much thick- 
ened and has a thick cuticle. The shape, as seen in section transverse to 
the run of the edge, is lenticular, the edge which rests on the outer surface 
of the threshold being rather sharp. Just at and above the insertion of the 
trigger hairs the door is very thin. This thin area is nearly circular and 
constitutes a hinge, allowing the thickened edge of the door to bend up and 
inwardly so that it can come just above the resisting edge of the threshold. 
When this condition is established, the door has little resistance and flaps 
inwardly, permitting an inrush of water. This concluded, it springs back 
into position, the stiff edge sliding over the pad till it regains its ligne d’ap- 
pui. In doing so it pushes before it the loose veil which automatically comes 
into position as a valve not only near the horns of the crescentic threshold, 
as above stated, but along the whole length of the edge of the middle piece 
as well. 

It is difficult, indeed, almost impossible to cut a section of fresh material 
so that the door remains in exactly the right position. A half-door inevi- 
tably curves free of the edge and lies more or less above the threshold, the 
veil then looking like a ragged mass of stuff not calculated to attract atten- 
tion. I have accordingly studied the silhouettes of entire fresh traps mak- 
ing negatives with long exposures. These, when examined, usually show a 
shadow made by the veil, and the door in its proper position. Once one 
knows what to look for, it is quite possible, often easy, to see the veil in the 
living trap by looking obliquely into the entrance with a low power objec- 
tive. In some cases even the quasi-cellular structure can be seen (plate II, 
figs. 1, 2, 10). 

Little has been said yet about the hinge of the door as a whole. In the 
transverse reach this hinge is a strong flexure toward the inside of the trap, 
bending back again into the curvature of the middle piece. As the trans- 
verse reach fades into the lateral reaches, the bend of the hinge becomes less 
pronounced, until it merely curves downwards and a little away from the 
wall. In the region over the end of the threshold a mass of tissue lifts the 
end of the door (marked b c, V c', fig. 1) away somewhat from the wall, a 
group of large cells, a sort of buttress, causing this (c, c', fig. 1, 4). This 
grades in the forward direction into the wall and offers attachment to the 
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stretch of the arch b to e, fig. 1. At point e there occurs a slight angle, 
breaking a little the continuity of the arch, the point at which the strongly 
bent hinge cells (e d e') begin. 



Fig. 4. Diagram of the entrance from the inside of the trap. 

The behavior of these regions of the door along the arch of attachment 
may be seen by studying the silhouette of a trap which has swallowed a glass 
rod (fig. 2). A trap freed from the plant will, when the end of the glass 
rod is pushed against the trigger hairs, jump forward and swallow the end 
of the rod, as Czaja found using a needle. I found that a rod 0.1 mm. in 
diameter is easily swallowed. If the rod is tapering, it may be pushed for- 
ward, with precautions to do no damage to the entrance mechanism of the 
trap, till the door is opened to its maximum. When in this position the 
rod was 0.17 nun. in diameter, representing approximately the maximum 
possible displacement of the door, probably more than normally occurs. 
The middle piece of the door (/, e, e' fig. 3) suffers maximum displace- 
ment, the sides of the door being bent upwards approximately along the 
lines e f and e'f', fig. 3. This bend is most pronounced toward /, and 
towards e gradually fades into the curvature between e and e', though not 
without a jog at these points. The tissues along e-f and e'f' are thus 
strongly pulled out of equilibrium and tend to straighten back in a direc- 
tion normal to e-f and e-f. The cells at right angles to the line g-g' 
tend to bend back normally to this line. It is certain that the cells along 
bee and b'e'e' are displaced from position only very slightly, merely enough 
to accommodate themselves to the sharp upward bend along e f and e'f'. 
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What the maximum displacement of the door is when it opens by dis- 
placement by the watef column pressing against it cannot precisely be said, 
but, since (in the trap I measured) the maximum opening has the trans- 
verse diameter of 0.17 mm. and the same trap immediately, on springing the 
door, swallowed a rod 0.1 mm. in diameter, it must open more widely than 
has been supposed. Merl speaks of a lunate “halbmondformig” slit. Any 
opening short of a good-sized throat could not engulf the large objects often 
found in the traps ; and it must not be forgotten that during the time the 
door is open, less than 1/16 of a second, a column of water fully 1 mm. long 
passes in. During the movement of this column the door must remain sta- 
tionary in a position presenting a throat of diameter greater than 0.1 mm. 
To do this the sides of the door must be bent upwards, approximately, 
though not as much, as in fig. 7. 

The recovery of the set position of the door does not wait on the com- 
plete relaxation of the lateral walls, and in fact probably always closes be- 
fore. This is shown by the fact that, after any event of tripping, the walls 
will on puncturing the bladder with a sharp needle relax further to the 
maximum possible extent (12). The fact is used here to emphasize the 
vigorous action of the door, which recovers its position in spite of a still 
inflowing column of water. The change in shape of the trap after tripping 
with a needle and after puncturing with a needle was illustrated by Merl. 

Flexure of the door also occurs along the line d d' in the sense opposite 
to the flexure e f and e'f'. The great thickness and elasticity of the door 



Fig. 5. Transverse section of the threshold showing the veil when fully developed. 
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edge, forming a wale of tissue reaching from a to a enable it, while bend- 
ing before the moving column of water, on release of pressure to immedi- 
ately resume its semicircular form, bringing it back into its original posi- 
tion, the whole edge from b to V (fig. 3) being in the form of an unbroken 
arch (plate II, fig. 6). This wale of tissue is important, therefore, in bring- 
ing the door into the set position. Its initial flexure, due to the leverage 
by the trigger hairs, is at its middle point (d/). The pressure of the water 
causes it to arch in the opposite sense, the flexure spreading outwardly along 
the radii from the centre x. 

Correlated with the remarkable degree of flexure possible, and with the 
strong resistance of the door to deformation, is the form of the cell walls. 
These are never straight, but curved like so many springs. This is true of 
both radial and pcriclinal walls (plate II, fig. 7). This is, of course, a 
matter of common observation. What is important for the correct under- 
standing of the working of the door is the proper evaluation of the role 
of the thickened wale along the middle reach of the door edge. This acts 
by swinging into position, engaging the outer edge of the threshold as a 
catch which in spite of Its firm engagement can be easily released by down- 
ward pressure of the trigger hairs. Its almost cartilaginous consistency 
is due in large part to the much thickened outer walls (Merl) of the very 
small cells. 

Summary 

It has been shown in the foregoing that when the trap of Utricularia 
minor is in the set position, the middle part of the free edge of the door 
rests against the outer surface of the pad of glandular cells of the threshold, 
and not, as heretofore supposed, against the top or any part of the top 
or against the edge of the pad. It maintains its position against water 
pressure by virtue of the resistance offered by the threshold. The outer 
reaches of the door edge cross obliquely the sides of the threshold. There 
is of mechanical necessity, therefore, a fold between the middle and lateral 
portions of the door wdiich would, if not otherwise provided against, allow 
inflow of water under the reduced pressure known to be present in the trap 
when set. This possible leakage of water into the interior of the trap is 
prevented by the presence of a veil or curtain attached to the outer surface 
of the threshold and stretching from one horn to the other of the crescentic 
threshold in such a manner as to act as a valve to exclude water by pressing 
on the edge and folds of the door. This veil, or valve, is the outer cuticle 
released from the cells of the pad, being set free from the inner margin of 
the pad and remaining firmly attached in front. The veil show f s the 
imprint of the top of the cells from which it sprung. The earlier formed 
part of the veil suffers considerable extension, or ballooning, recalling the 
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behavior of the cuticle in certain other glandular trichomes ( Pelargonium ). 
The veil arises during ‘the later period of development of the trap, so that 
when the trap begins to function as such, the veil is ready in position. 
MoGill University, 

Montreal, Canada. 
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EXPLANATION OF PLATE 

Fig. 1. Entrance of trap viewed from the outside showing the veil and the upper 
surface of the threshold. The door is sprung outwardly by its own turgor, but it is 
so seen because a part of it has been removed in sectioning the trap. 

Fig. 2. The veil and front edge of the threshold of another trap. The lower edge 
of the door can be seen again in the sprung position. 

Fig. 3. Section of the threshold of a young trap showing the exfoliating cuticle 
at a rather early stage. 

Fig. 4. A somewhat later condition. 

Figs. 5 and 8. The fully developed veil as seen in transverse section of the threshold. 

Fig. 6 . Half of the door showing the thick wale above the middle reach of the 
lower edge and the thin lateral portion which crosses the threshold from a to b — 
text fig. 1. 

Fig. 7. A half -door laid out nearly flat viewing the inside surface. Letters as in 
text fig. 1. 

Fig. 9. View of a little over half a threshold seen from above. The anterior 
margin bears the veil. The inside face of the threshold (above) bears glandular 
trichomes. The trapezoidal cells of the pad can be seen. The dark patches are caused 
by air in the intercellular spaces, here as in other figures. 

Fig. 10. View of the door and veil in the set position as seen when looking into the 
threshold of a living set trap. 
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SOME CRITICAL COMMENTS ON THE METHODS EMPLOYED 
IN THE EXPRESSION OP LEAP SAPS 1 

Bernard S. Meyer 
(with one figure) 

In many types of plant physiological research, accurate determinations 
of the physico-chemical properties of expressed plant saps are important. 
In undertaking such determinations, however, the technical methods of 
collecting and treating the samples and of expressing the saps have not 
always been judiciously chosen to meet the requirements of the investiga- 
tion. Such methods have sometimes been followed according to blind 
prescription with little or no regard for the limitations imposed upon them 
by the physiology or anatomy of the tissues. The following comments 
upon the technique of such determinations, and the attempted critical evalu- 
ation of the more generally used methods are based upon the experience 
gained in an extended investigation upon the physical and chemical proper- 
ties of expressed leaf saps. The discussion in this paper refers primarily, 
therefore, to leaves and leaf saps. 

The earliest investigators of the properties of expressed plant tissue 
fluids carried out their determinations upon saps expressed from living, 
untreated tissues. Andr£ (1) appears to have been the first to observe 
that fractions of sap successively expressed from an untreated leaf sample 
showed progressively increasing concentrations of solutes as measured by 
the depression of the freezing point. 

Dixon and Atkins (2) obtained results similar to those of Andr£ when 
they expressed sap from untreated plant tissues. They explained the pro- 
gressive increase in the osmotic concentrations of successively expressed 
fractions of sap by assuming that a larger number of cells burst at the 
higher pressures, thus permitting solutes to escape to which the protoplasmic 
membranes of the unbroken cells at the low pressures were impermeable. 

Since this differential expression of sap from untreated tissues makes 
it practically impossible to express from them representative samples of 
sap, Dixon and Atkins introduced the method of freezing the leaves in 
liquid air before subjecting them to pressure. They presented data to show 
that the successively expressed fractions of sap from a leaf sample frozen 
in liquid air did not differ materially in osmotic value. They also found 
that the volume of sap expressed from frozen leaves was larger than could 
be expressed from unfrozen leaves, and was freer from debris. 

i Papers from the Department of Botany, the Ohio State University, no. 221. 
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Gortner and Harris (5), also principally interested in determinations 
of the osmotic values of expressed plant tissue fluids, substituted the ice-salt 
bath as a more universally available mode of freezing. In this method the 
tissues to be frozen are placed in a glass tube of suitable size, which is then 
stoppered and immersed in an ice-salt bath in which a temperature of 
- 15° C. to - 20° C. is usually maintained. The usual field precautions to 
be observed with this freezing method are discussed by its originators. A 
number of other investigators have employed this method. 

Gortner, Lawrence, and Harris (6) checked the conclusion of Dixon 
and Atkins that the concentration of solutes in samples of sap successively 
expressed from unfrozen leaf samples showed a progressive increase. They 
expressed the sap from untreated leaf samples from a number of species of 
plants and found some in which successively expressed portions of the sap 
showed decreasing concentrations of solutes, and others in which all of the 
fractions of expressed sap showed approximately the same concentrations 
of solutes. Although their results deviate from those obtained by Dixon 
and Atkins, they do not invalidate the principle that sap samples expressed 
from unfrozen tissues cannot be taken as representative of the conditions 
existing in the tissue from which they have been exposed. 

Methods of freezing leaf samples in solid carbon dioxide have been 
employed by Harvey (7), Lewis and Tuttle (10), Meyer (11), and others. 

Gail (3) ground the leaves of western conifers through a fine meat 
grinder before expressing the sap. Some samples wore also frozen but 
Gail reported that there was little difference between the osmotic value of 
the samples merely ground, and those which were botli ground and frozen. 

Newton, Brown, and Martin (12) have recently described a method of 
finely grinding plant tissues and expressing the fluids at low pressure which 
they believe results in the expression of a sap which represents substantially 
the composition of the original tissue fluids. All operations were carried 
out at a temperature close to 0° C. Since the object of this method is to 
obtain the cell contents in as nearly unchanged conditions as possible, freez- 
ing of the tissue is not permissible because of its known precipitating effect 
upon proteins. This method promises to prove of value and general appli- 
cation in indicating the distribution of any constituent of plant tissues 
between the physiologically active and the inert portions of the tissues. 

Goldsmith and Smith (4) appear to have been the first to rely upon the 
method of treating leaf samples with a toxic vapor in an extensive investiga- 
tion of the physico-chemical properties of plant saps. In a recent investi- 
gation they used chloroform vapor treatments upon the leaves of the Engel- 
mann spruce (Picea engelmanni) with apparently satisfactory results. The 
leaves were exposed to the vapor for thirty-six hours before the saps were 
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expressed, the investigators relying upon refrigeration during this period 
to prevent any appreciable enzyme action. Freezing point depressions 
obtained with saps expressed after this treatment were corrected for the 
solubility of chloroform in water. This method was checked against the 
ice-salt freezing method for leaves in the summer condition and excellent 
agreement found in the results, but apparently it was not checked against 
other methods while the leaves were in the winter condition. The subse- 
quent discussion in this paper shows that such a check would have been 
desirable. However, there is no indication in the results obtained that this 
method is not effective with winter-hardened leaf tissues. 

During the past several years the writer has made a number of com- 
parative studies of the effects of several methods of treating leaf samples 
upon the amount of sap which can be expressed from them and the osmotic 
value of the sap. Parallel series of determinations were made at different 
seasons for the leaves of several evergreens in the living condition, after 
freezing in an ice-salt bath, after freezing in solid carbon dioxide, and after 
grinding to a shredded pulp. 

Table I records the results of a representative series of determinations 
upon the 1927 leaves of the pitch pine ( Pinus rigida). Similar results 
were obtained in every other series of determinations made. 

TABLE I 

Effect of various treatments of pitch pine leaves upon the amount of sap which 

CAN BE EXPRESSED, AND UPON THE OSMOTIC VALUE OF THE EXPRESSED SAP 

Pressure = 5,000 lbs. per sq. in. 


Pate 

Moisture 

content 

Determination 

Untreated 

i Frozen 
(ice-salt) 

Frozen 

(CO.) 

Ground 

Aug. 3, 1927 

! 

per cent. 
59.4 

1 

Bap expressed 
(cc. per 100 gm.) 

23.9 i 

44.3 

47.6 

42.9 



Osmotic value 
(atmospheres) 

9.40 

I 

15.20 i 

1 1 

15.91 

! 

i 18.68 

| 

Jan. 22, 1928 : 

54.7 

Bap expressed 
(cc. per 100 gm.) 

17.7 

! 15.0 

! 

41.0 

31.3 


1 

Osmotic value 
(atmospheres) 

12.41 

1 

1 

: 13.04 

21.12 

25.73 


An analysis of these data brings out a number of facts which are perti- 
nent to the present discussion. The water content of the leaves was 4.7 
per cent, higher in August than in January, a fact which may be expected 
to have a minor influence on the volumes of sap which could be expressed. 

In the summer approximately the same volumes of sap could be 
expressed from samples frozen in an ice-salt bath, from samples frozen in 
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solid carbon dioxide, and from samples shredded through a meat grinder. 
A much larger volume of sap could be expressed from all the treated samples 
than from the untreated sample. 

The summer osmotic value of the sap expressed from the ground sample 
was about three atmospheres higher than the osmotic value of the sap 
expressed from either of the frozen samples, which checked closely with each 
other. A much higher osmotic value was obtained with all the treated 
samples than with the untreated sample. The higher value shown by the 
sap from the ground sample was perhaps due to the favorable conditions for 
oxidations and other chemical changes which probably occur in the tissues 
during and immediately following the grinding process. 

In the winter, only from the sample frozen in solid carbon dioxide was 
a volume of sap expressed which compared with the volumes expressed 
during the summer from all the treated samples. The volume of sap 
expressed from leaves frozen in an ice-salt bath was of the same order of 
magnitude as the volume expressed from the untreated leaves. The volume 
expressed from the ground leaves was distinctly smaller than the volume 
expressed from leaf samples frozen in solid carbon dioxide. 

The winter osmotic value of the sap expressed from the leaves frozen in 
an ice-salt bath was not appreciably different from that of the sap expressed 
from unfrozen leaves. The sap expressed from the leaf sample frozen in 
solid carbon dioxide showed a much higher value, and that expressed from 
the ground leaf tissue was still higher, but the last two values were ob- 
viously of the same order of magnitude. 

It is believed that the difference between the results obtained with leaves 
in the summer condition, and the results obtained with leaves in the winter 
condition is due principally to an increase in the amount of 4 ‘bound water” 
in the leaf tissues during the winter months. In a previous paper (11), 
the probable relationship between seasonal variations in the bound water 
content, and seasonal variations in the hydrophilic colloid content of the 
leaves of this species has been indicated. During the summer months it 
appears that only a relatively small amount of the water present in the 
tissues of pitch pine leaves is bound. The methods of freezing in an ice- 
salt bath, freezing in solid carbon dioxide, or grinding, are therefore all 
effective in increasing membrane permeability, presumably through dis- 
organization of the protoplasm, and thus permit the expression of a repre- 
sentative sample of sap. 

During the winter months, however, a relatively large proportion of the 
water present in the tissues apparently is in the bound condition. The ice- 
salt freezing method does not have a drastic enough effect upon the tissues 
to permit the expression of a representative sample of sap. Presumably 
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this is because the molecular forces binding the water are of sufficient mag- 
nitude to prevent the occurrence of any appreciable amount of crystalliza- 
tion of water in the tissues. At this temperature, according to all present 
conceptions of the mechanism of ice crystallization in plant tissues, crystals 
ordinarily form only in the intercellular spaces, withdrawing water from 
the cells as they elongate. The sap expressed is therefore similar in amount 
and properties to that expressed from untreated leaves. 

At the temperature of solid carbon dioxide (^-80° C., and lower), the 
forces of crystallization are undoubtedly of sufficient magnitude to over- 
come the molecular forces binding water. Leaves are usually frozen solid 
by this treatment, indicating that most of the water present in the tissues 
freezes within the cells. The result of this treatment is that representative 
samples of sap can be expressed under pressure. 

The grinding treatment also permits the expression of representative 
samples of sap at all seasons of the year. The effectiveness of this treat- 
ment is apparently due to the disruption of the physical relationship exist- 
ing between the bound water and the tissues, through the bruising and tear- 
ing action which the grinding process exerts on them. 

The writer (11) has already called attention to the discrepancy between 
the results obtained by Gail (3) and those obtained by Korstian (9) in 
their investigations of the winter osmotic values of the expressed leaf saps 
of certain western evergreens. The divergent results obtained by these two 
investigators are apparently due to different methods of treating the leaf 
samples. Korstian froze the leaves in an ice-salt bath while Gail, as has 
already been noted, used what was essentially a grinding treatment. 

The demonstrated and theoretically expected limitation of the ice-salt 
freezing method to unhardened tissues makes it desirable that a field method 
be devised which is not subject to such a limitation. The liquid air freez- 
ing method, vapor treatment methods, and grinding method are difficult to 
adapt to ordinary field conditions. Neither is the spraying method of freez- 
ing with solid carbon dioxide, as usually employed, feasible in the field. 

Recent developments in the commercial production of solid carbon 
dioxide 2 have permitted the development of a field method of freezing leaf 
samples with solid carbon dioxide which will be briefly described. 

The solid carbon dioxide must first be reduced to fragments varying up 
to the size of a small marble. These crushed fragments are poured into an 
insulated container 8 until a layer about one inch in thickness is deposited 

2 Solid carbon dioxide is manufactured and sold by the Dry Ice Corporation of Amer- 
ica, New York and Chicago, under the trade name of “ Dry-Ice .' * 

» Stanley “Super-Vac” Food Jars (all steel) in the quart size have been found to 
be very serviceable for this purpose. 
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in the bottom. A stoppered tube of suitable size (about 8 inches long and 
1.25 inches in diameter) is inserted and held upright while the carbon 
dioxide is poured around it until the jar is filled to a level slightly below the 
top of the tube. The jar is stoppered and is then ready to be carried into 
the field. 

Leaves are thrust as rapidly as collected into a glass tube of the same size 
as the one inserted into the jar. When filled the tube is stoppered and sub- 
stituted for the empty tube in the jar. This particular procedure is neces- 
sary because the solid carbon dioxide so rapidly becomes compacted in the 
jar, that it becomes practically impossible to dislodge the individual par- 
ticles sufficiently to force the collecting tube into the mass of solid carbon 
dioxide. The solid carbon dioxide slowly disappears by sublimation, but 
usually a sufficient amount remains in the jar to keep the leaf samples frozen 
for about 24 hours. 

There is no reason to believe that the method of freezing leaf samples in 
liquid air as first employed by Dixon and Atkins will lead to results for 
sap determinations which are markedly different from those obtained with 
the carbon dioxide freezing treatment. Although the writer has not had 
the experimental opportunity to confirm this statement, comparative data 
from Harvey (7) support it. For hardened cabbage leaves Harvey 
recorded a difference of only 2.3 atmospheres in osmotic value between sap 
samples expressed after these two treatments. For unhardened cabbage 
leaves he recorded a difference of 1.7 atmospheres. 

Knudson and Ginsberg (8) found no appreciable differences in the 
osmotic values of the saps expressed from two samples of the leaves of an 
unhardened greenhouse plant, Iresine herbstii, one frozen in an ice-salt 
bath, the other in liquid air. Harvey recorded an osmotic value about 6.5 
atmospheres higher for saps expressed from unhardened cabbage leaves 
after freezing in liquid air than for saps expressed from unhardened cab- 
bage leaves frozen at - 5° C. It is probable, however, that - 5° C. is not 
a low enough temperature to have an effect on unhardened cabbage leaves 
comparable with the effect of an ice-salt bath on the leaves of Iresine. 

The press diagrammed in text figure 1 was devised especially for the ex- 
pression of leaf saps, and has been found in practice to give excellent service 
for this purpose. This press involves certain principles in design which ap- 
parently have not been previously employed, and has some advantages over 
other styles of presses in common use. The principal parts are the piston 
A, and the cylinder B, which were turned from steel and ground to fit 
within 0.001 inch. The dimensions are shown in the figure. The groove a 
cut around the inside wall of the cylinder one inch from the top is designed 
to prevent the upward movement of sap past that point. The groove b, 
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Fig. 1. Press for the expression of leaf tissue fluids. A, piston; B, cylinder; C , per- 
forated disk; D , handle for piston; F, handle for disk; a, groove for preventing 
upward movement of sap; b, groove for collecting sap; cc, delivery tubes. 


cut around the base of the cylinder, adjacent to the vertical wall, is designed 
to collect the sap and feed it to the two delivery tubes, cc, on opposite sides 
of the cylinder. These tubes are made of brass and threaded into place so 
they can easily be removed for cleaning. An important auxiliary part of 
this press is the metal disk C. On the lower side of this disk are eight 
equally spaced radiating grooves. Six one-sixteenth inch holes, spaced at 
equal intervals, were drilled through the metal disk into each groove. The 
removal of both the piston and the disk from the cylinder is facilitated by 
means of the metal handles, D and E, which screw into place. 
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By employing the metal disk described above it is possible to dispense 
with the use of cloth for wrapping the leaf samples. It is only necessary 
to place two or three disks of linen cloth, cut to fit the circumference of the 
cylinder snugly, on top of the metal disk in the bottom of the cylinder. 
The leaf sample is then placed directly on top of the cloth disks. In fact, 
when leaves containing considerable amounts of ligneous tissues are used, 
there is no need even for the disks of cloth. 

This press has given satisfactory results for the expression of leaf fluids 
from a variety of plants. It is convenient in that it is readily handled and 
easily cleaned. A press of the dimensions shown in text figure 1 will 
accommodate leaf samples weighing up to 100 grams. Presses of this 
design may, of course, be built of any convenient size or, if deemed advis- 
able, other metals than steel could be employed in their construction. 

Following the suggestion of Knudson and Ginsberg (8) the writer has 
employed a materials testing machine as a source of known pressure for use 
with this press, with entirely satisfactory results. In packing the press it 
is necessary to avoid any bunching or wadding of the leaf sample. Unless 
the leaves are evenly distributed throughout the press cylinder, bunched 
portions of the sample will be subjected to a greater pressure than the more 
loosely packed portions. In careful work such an unequal distribution of 
pressure must be reduced to a minimum. It is necessary to allow the press 
to drain for several minutes after the maximum pressure to be employed has 
been reached. The most satisfactory results appear to be attained when the 
pressure is applied just rapidly enough to cause the expressed sap to trickle 
slowly from the delivery tubes. 

Hie ftiagnitude ttLthe pressure used will have an effect upon the proper- 
ties Of the expressed sap. Knudson and Ginsberg (8) have shown that 
there >8 th important difference between the osmotic value of saps expressed 
from the leaves of Iresine herbstii at a pressure of 10,000 pounds and those 
expressed at a pressure of 50,000 pounds, both for samples frozen in liquid 
air and for samples frozen in an iee-salt bath. The pressure employed 
should depend upon the structural character of the plant organ, and upon 
the purpose for which the expressed fluid is to be used. 

It is highly desirable that, before investigations involving determina- 
tions of the physico-chemical properties of expressed plant saps are under- 
taken, preliminary studies should first be conducted to determine the most 
suitable method of treating the tissue, and the proper magnitude of the 
pressure to be applied. Papers reporting the results of any such investiga- 
tion should include the following information : water content of the tissue, 
exact treatment aUd method of handling the tissue, magnitude of the pres- 
sure employed, and the volume of sap expressed as a percentage of the fresh 
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weight or water content ol the tissue. Only with such information avail- 
able can the reader reconstruct for himself a reasonably accurate picture 
of the exact effects of the treatment and pressure upon the tissue, and only 
if such information be supplied can the determinations be duplicated. 

Summary 

1. A summary of the more important methods which have been used in 
the treatment of leaves before the expression of leaf saps is presented. The 
discussion attempts to evaluate these methods with especial regard to the 
limitations and advantages of each. 

2. A field method of freezing leaf samples in solid carbon dioxide is 
described. 

3. Details are given for the construction of a press which embodies cer- 
tain principles in design which do not appear to have been previously used. 
This type of press has been found to give satisfactory results for the expres- 
sion of saps from the leaves of a variety of species of plants. 
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CHEMICAL RELATIONSHIP BETWEEN SCION AND 
STOCK IN CITRUS 1 

A. R. C. Haas and F. F. Halma 
(with one figure) 

It is commonly known that Citrus varieties are propagated commer- 
cially by budding. The most important varieties grown in California are 
Washington Navel orange and Valencia orange ( Citrus sinensis Osbeck), 
Marsh grapefruit ( Citrus maxima Merrill), and Eureka and Lisbon lemon 
( Citrus limonia Osbeck). The rootstocks upon which these varieties are 
budded are sweet orange ( Citrus sinensis Osbeck), sour orange ( Citrus 
aurantium L.), grapefruit (Citrus maxima Merrill), and to a small extent 
rough lemon ( Citrus limonia) and trifoliate orange ( Poncirus trifoliata 
Raf.). The degree of congeniality shown between scion and rootstock in 
Citrus has been reported by Webber (7), Newman (6), and others. Their 
observations show in a general way that the lemon scion overgrows the 
sour rootstock as is indicated by a bulge just above the bud union, and 
overgrows the sweet stock to a less extent, whereas the opposite effect is 
seen when the lemon is budded on grapefruit or trifoliate orange, in which 
case the trunk of the rootstock is larger than the lemon trunk. Similar 
but less pronounced size differences exist when the Navel or Valencia 
orange or the Marsh grapefruit is budded on sour, sweet or trifoliate root- 
stocks. On the other hand a smooth bud union results when these standard 
varieties are grown on rough-lemon rootstock. In general the degree of 
so-called congeniality or compatibility implies a comparison of the relative 
rate of growth of scion and stock ; the more nearly equal the rate of growth 
of scion and stock the greater the congeniality or compatibility. 

No adequate data are available from which to formulate a hypothesis 
which may lead to an understanding of the relationship of scion and stock. 
Limited data by Jensen and others (6) indicate that in the case of lemon 
on sour stock, the amount of starch is greater above the bud union than in 
the case of lemon on grapefruit stock. This, however, may be considered 
effect rather than cause, since the overgrowth in the former case has an 
effect comparable to that of girdling. Our knowledge of the organic con- 
stituents of evergreen trees is scanty, and although carbohydrates may be 
fairly accurately determined, yet their amounts are subject to considerable 
fluctuation not only throughout the year but also throughout the day. On 
the other hand the inorganic constituents of mature parts of Citrus trees 

1 Paper no, 205, University of California, Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, California. 
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fluctuate very little and hence studies along this line are more promising. 
For this reason we have studied the inorganic composition of scion and 
stock in Citrus. 

Before reporting the results of the present investigation it is necessary 
to refer to previous work which shows that fundamental physical and 
chemical differences exist in the leaves of varieties of Citrus that are ordi- 
narily combined in budding. The ash and calcium of the water-soluble 
fraction of mature normal Washington Navel and Valencia orange leaves 
exceed those of Eureka lemon (Haas, 1). The sap of normal mature lemon 
leaves is less active osmotically and contains less ash and calcium but more 
magnesium than the sap of orange leaves (Haas and Hauka, 2). Investi- 
gations on the sap and the morphology of leaves of these two Citrus species 
indicate that the lemon leaf has a more efficient photosynthetic system 
than the orange leaf (Halm a and Haas, 3; Halma, 4). Furthermore, it is 
a matter of common observation that the growth rate of unbudded seedlings 
or cuttings of lemon is greater than that of sour orange, sweet orange or 
grapefruit, but about equal to that of rough lemon. It seems reasonable 
to assume that varieties or species that differ in so many respects must 
undergo some changes in their physical or chemical make-up when combined 
with one another by means of budding. The data presented herewith 
show that a chemical difference exists between scion and stock. It appears 
that the scion species or variety influences the amount of soluble magnesium 
in the bark of the stock. 

The material analyzed consisted entirely of bark. In all cases the 
cambium was active so that it was an easy matter to remove the bark. 
Care was taken to collect material only from trees growing on definitely 
known stocks. The bark was obtained from areas immediately above and 
below the bud union. The portion of the tree from which the material 
was taken was carefully cleaned; the bark was peeled off and dried in an 
oven at 65° C. The dried material was finely pulverized so as to pass 
through a 20-mesh sieve. Water-soluble and insoluble ash, calcium and 
magnesium were determined. The analytical procedure was essentially 
the Bame as that previously used (1). 

Previous studies (1) have shown that the leaves of sweet orange and 
lemon could be distinguished by the water solubility of the calcium in the 
dried leaves: the dry matter of the sweet orange leaves contained about 
two and one-half times as much water-soluble calcium as that of the lemon 
leaves. It was assumed in the present investigation that possibly a similar 
chemical difference may exist in the bark. It was further assumed that, 
if this were found to be the case, it might serve as a means for identifying 
the variety by means of bark analysis. 
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Prom table I, however, it is clear that this calcium relationship does 
not exist in the bark, where the water solubility is extremely low as com- 
pared with that of the leaves. It may be of interest to add that the total 
calcium as a percentage of the dry matter is about equal to that found 
in the leaves. 

Table I suggests that the amount of soluble magnesium as a percentage 
of the dry matter or of soluble ash depends upon the position which the 
variety occupies in the budded tree ; for where the sweet orange served as 
the scion, its soluble magnesium content was considerably higher than when 
it served as a stock for the lemon scion. It is also clear from table I that 
sour, sweet and grapefruit stocks gave values similar to that of the lemon 
scion. 

Since the material in table I was considered inadequate to definitely 
establish this magnesium relationship between scion and stock, a sufficiently 
large number of bark samples representing various commonly occurring 
combinations of scion and stock were collected. These samples were 
obtained from trees varying in age from seven to thirty-five years and 
growing under widely different soil and climatic conditions in southern 
California. A limited number of samples were also obtained from unbudded 
trees. Because of the possible influence of seasonal variations, the material 
was collected both in March and in August of the same year. These 
samples were analyzed by the same procedure as was used for the previous 
material. 

The data given in table II are so grouped that the magnesium relation- 
ship between scion and stock of the same tree may very readily be seen. 
Figure 1 gives the average values and enables one to summarize the data 
readily. If we consider the trees having a lemon scion we find that the 
average values for the soluble magnesium as a percentage of the dry matter 
are rather uniform both in the scion and stock, regardless of the four 
varieties of stock used. On the other hand if the scion is Valencia orange 
or Marsh grapefruit the values for the soluble magnesium are considerably 
higher, not only in the scion but also in the stock, which in this case includes 
both sweet and sour orange. The same type of sour orange which served 
as a stock for the lemon scion shows a higher soluble magnesium content 
when, instead of a lemon scion, it had a Marsh grapefruit or Valencia 
orange scion. 

Turning to the unbudded trees where there is no scion influence, we 
find that the bark of sour orange and rough lemon is appreciably lower in 
soluble magnesium than that of either sweet orange or grapefruit The 
values for unbudded sour and rough-lemon seedlings are not changed 
appreciably by budding a lemon scion on them. However, the value for 
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TABLE II 

Inorganic composition op bark op different varieties op Citrus scions and stocks expressed as percentages 
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9.29 

13.29 

6.31 

10.00 

7.48 

7.08 

12.07 

7.28 

6.92 

7.43 

6.47 

6.85 

8.94 

6.41 

9.80 

5.34 

10.82 

11.36 
12.82 

10.04 

12.66 

12.36 

14.33 

8.15 

11.43 

6.00 

11.55 

Dry 

MAT- 

TER 

0.11 

0.13 

0.09 

0.13 

0.10 

0.09 

0.10 

0.08 

0.11 

0.08 

0.11 

0.10 

0.12 

0.08 

0.15 

0.07 

0.14 

0.09 

0.20 

0.09 

0.12 

0.17 

0.19 

0.11 

0.19 

0.08 

0.21 

Total cal- 
cium in 

Dry 

MAT- 

TER 

4.12 

4.78 

4.78 

4.91 

4.69 

4.57 

5.90 

4.51 

6.76 

4.37 

6.94 

6.57 

4.92 

4.28 

5.31 

4.08 

5.20 

5.88 

6.01 

6.07 

6.45 

5.80 

6.10 

4.35 

5.45 

3.44 

4.58 

Total 

ASH 

35.82 
37.79 

35.60 

36.33 

34.94 

37.94 

39.12 

36.52 

36.26 

36.49 
36.14 

39.01 

37.49 

34.50 
34.36 

34.29 

35.67 

37.43 

37.12 

38.31 

38.82 

37.76 

38.99 

35.87 

35.88 

34.03 

35.03 

Soluble 

ASH IN 

Dry 

MAT- 

TER 

1.18 

1.01 

1.43 

1.31 

1.30 

1.21 

0.81 

1.04 

1.52 

1.08 

1.65 

1.43 

1.30 

1.31 
1.51 

1.35 

1.31 

0.81 

1.54 

0.84 

1.28 

1.39 

1.30 

1.21 

1.70 

1.40 
1.82 

Total 

ash 

10.29 

7.97 

9.41 

9.67 

9.78 

10.08 

5.38 

8.45 

8.16 

8.99 

8.61 

8.49 

9.90 

10.56 

9.77 

31.36 

9.00 

5.16 

9.52 

5.27 

7.71 

9.06 

8.30 

11.13 

11.18 

13.88 

13.88 

Total 

ash 

IN 

DRY 

MAT- 

TER 

11.51 
12.65 

13.41 

13.51 

13.43 

12.04 

15.09 

12.35 
12.26 

11.97 

19.21 

16.85 

13.11 

12.42 
15.45 

11.90 

14.58 

15.71 

16.19 

15.84 

16.60 

15.36 

15.64 

12.13 

15.10 

10.10 
13.09 


Material 

£ Eureka lemon scion (sour stock) 

| Sour stock of above tree 

f Lisbon lemon scion (sour stock) 

| Sour stock of above tree 

Sour seedling (unbudded) 

u a a 

u a a 

f Eureka lemon scion (rough lemon stock) 

| Rough lemon stock of above tree 

( Eureka lemon scion (rough lemon stock) 

1 Rough lemon stock of above tree 

Rough lemon seedling (unbudded) 

a u *t “ 

( Eureka lemon scion (sweet stock) 

| Sweet stock of above tree 

( Eureka lemon scion (sweet stock) 

i Sweet stock of above tree 

( Lisbon lemon scion (sweet stock) 

| Sweet stock of above tree. 

Lisbon lemon scion (sweet stock) 

Sweet seedling (unbudded) 

S4 it it 

a u u 

( Lisbon lemon scion (grapefruit stock) . 

| Grapefruit stock of above tree 

( Lisbon lemon scion (grapefruit stock) . 
j Grapefruit Btock of above tree 

Date 

COLLECTED 

1928 

March 

it 

it 

a 

it 

August 

March 

a 

August 

44 

March 

H 

It 

it 

U 

it 

« 

August 

II 

II 

March 

it 

it 

I h 

II K 

j a o n eo io c* « ac cs w qo cot- «n»w cot- ao t- t- © jh 
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TABLE II— {Concluded) 

Inorganic composition op bark op different varieties op Citrus scions and stocks expressed as percentages 


A 

g 

I 

i 

IP 
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2.59 
2.91 

3.20 

3.26 

5.51 

3.85 
2.81 
2.96 

2.60 
2.90 

- 2.61 

2.69 

2.52 
2.76 

5.38 

3.70 

4.55 

4.93 

7.03 

4.49 

4.85 
4.85 

4.53 

4.70 

5.75 

4.11 

6.10 

6.40 

Dry 

mat- 

ter 

0.020 

0.030 

0.031 

0.038 

0.086 

0.042 

0.032 

0.038 

0.032 

0.036 

0.036 

0.030 

0.030 

0.036 

0.070 

0.054 

0.060 

0.066 

0.094 

0.062 

0.0® 

0.068 

0.0® 

0.067 

0.110 

0.056 

0.140 

0.104 

Total hack 

NESIUM JN 

sit 

0.11 

0.10 

0.12 

0.11 

0.24 

0.14 

0.10 

0.12 

0.14 

0.13 

0.13 

0.14 

0.13 

0.12 

0.22 

0.17 

0.25 

0.18 

0.20 

0.19 

0.21 

0.19 

0.18 

0.17 

0.21 

0.14 

0.29 

0.23 

Total 

AAH 

0.62 

0.63 

1.28 

0.88 

1.43 

1.29 

0.73 

0.78 

1.22 

0.93 

0.79 

1.36 
0.95 
0.73 

1.51 

1.07 

1.60 

1.15 

1.80 

1.14 

1.61 

1.72 

1.28 

1.44 

1.69 

1.37 

2.39 

2.27 

Soluble cal- 
cium in 

gdS 

g"S 

1.15 

2.28 

2.91 

3.11 

3.41 

2.65 

2.78 

2.07 

2.46 

2.45 

2.18 

2.97 

2.12 
1.88 

2.60 

2.41 

3.08 
2.99 

3.53 

2.27 

4.36 

3.84 

4.81 

3.17 

5.61 

4.60 

6.10 

4.67 

Sol- 

uble 

ash 

9.85 

12.78 

10.02 

11.85 

14.21 

10.28 

11.58 

9.83 

8.29 

10.47 

10.00 

10.22 
9.06 
8.90 

10.91 

10.29 

12.29 
13.00 

14.50 

10.87 

10.46 

10.41 

10.84 

9.26 

12.03 

11.58 

11.05 

9.96 

Dry 

mat- 

ter 

0.07 

0.13 

0.10 

0.14 

0.22 

0.13 

0.13 

0.13 

0.10 

0.13 

0.14 

0.11 

0.11 

0.12 

0.14 

0.16 

0.16 

0.17 

0.19 

0.15 

0.19 

0.15 

0.21 

0 13 

0.23 

0.16 

0.24 

0.16 

Total cal- 
cium in 

Dry 

mat- 

ter 

6.60 

5.71 

3.30 
4.44 

6.51 

4.22 

4.74 

0.10 

4.15 

5.30 
6.33 

3.83 

5.10 
6.18 

5.47 
6.20 

5.25 

5.81 

5.50 

6.60 

4.36 

3.80 

4.28 

4.10 

4.10 

3.43 

4.00 

3.47 

Total 

ash 

37.22 

37.30 

35.16 
36.90 

38.17 

38.44 

35.44 
39.21 

36.17 
38.05 
39.14 

37.65 

37.74 

38.89 

38.34 

38.72 

37.28 

37.67 

38.60 

40.16 

33.69 

34.12 

33.79 

35.50 

33.08 

34.17 

33.32 

33.90 

Soluble 

ASH IN 

Dry 

mat- 

ter 



0.77 

1.02 

0.96 

1.16 

1.56 

1.09 

1.14 

1.28 

1.23 

1.24 
1.38 

1.12 

1.19 

1.30 

1.30 

1.46 

1.32 

1.34 

1.34 

1.38 

1.82 

1.40 

1.90 
1.40 

1.91 
1.34 

2.21 

1.63 

Total 

ash 

4.35 
6.65 

10.21 

9.68 

9.16 

9.92 

8.52 
8.24 

10.72 

8.92 

8.53 

10.96 

8.83 

8.21 

9.13 

9.07 

9.35 
8.67 

9.39 

8.40 

14.04 

12.59 

14.99 

12.15 

15.43 

13.57 

18.39 

15.90 

Total 

ash 

IN 

DRY 

MAT- 

TER 

17.73 

15.31 

9.37 

12.02 

17.05 

10.99 

13.37 

15.56 

11.47 

13.92 

16.17 

10.18 
13.50 
15.89 

14.26 

16.07 

14.09 

15.42 

14.25 

16.43 

12.94 

11.14 

12.68 

11.56 

12.39 

10.05 

12.01 

10.22 

Material 

Lisbon lemon scion (grapefruit stock) . 

Grapefruit stock of above tree 

’ Eureka lemon scion (grapefruit stock) . 

Grapefruit stock of above tree 

Grapefruit seedling (unbudded) 

f Eureka lemon scion 

Marsh grapefruit intermediate 

Sweet stock 

f Eureka lemon scion 

Marsh grapefruit intermediate 

Sweet stock 

Eureka lemon scion 

Marsh grapefruit intermediate 

Sweet stock 

Marsh grapefruit scion (sweet stock) . . 

Sweet stock of above tree 

Marsh grapefruit scion (sweet stock) . . 

Sweet stock of above tree 

Marsh grapefruit scion (sweet stock) . . 

Sweet stock of above tree 

Marsh grapefruit scion (sour stock) . . . 

Sour stock of above tree 

Marsh grapefruit scion (sour stock) . . . 

Sour stock of above tree 

Valencia orange scion (sour stock) 

Sour stock of above tree 

Valencia orange scion (sour stock) .... 
Sour stock of above tree 


i! 

1 

1 

too 

2 

3 th 

* 

ft f 

S3 3 33 2>533 333 333 33 35 55 3 5 53 53 S3 

a < a 

Sample 

NO. 
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sour orange when used as a stock for either Valencia orange or Marsh 
grapefruit scions, is increased above the value found for unbudded sour 
seedlings* 
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PLANT PHYSIOLOGY 


A clear case of the dominance exerted by the scion as far as soluble 
magnesium is concerned is seen in trees which were originally Marsh grape- 
fruit on sweet stock, but which were later top worked to Eureka lemon. In 
this case the values for the grapefruit intermediate as well as for the sweet 
stock are approximately the same as those for the lemon scion. Other 
trees of the same age growing in the same orchard, which were not top- 
worked, and hence retained their grapefruit top, showed values for both 
scion and stock which were considerably higher than those found in top- 
worked trees. In other words the replacement of the original grapefruit 
top by the lemon scion exerted a profound influence on both the original 
scion and the stock. Therefore, as far as soluble magnesium content is 
concerned, there seems to be no very marked stock influence upon the 
lemon scion. On the other hand, as is seen in figure 1, when the grapefruit 
or sweet orange scion is on sour stock, which when unbudded has a low 
soluble magnesium content, the value for the stock is greatly increased. 
But we also see that the unbudded sweet orange and grapefruit have higher 
values than the unbudded sour orange. Here again we cannot escape the 
conclusion that the grapefruit or Valencia scion was responsible for the 
increase in the values found in the sour stock. 

It appears from figure 1 that there may be an increase in soluble mag- 
nesium as one passes from the lemon scion to the various stocks, but the 
reverse is true to an even greater extent when the scion is Valencia or 
grapefruit. The reasons for the influence of scion on stock are unknown 
but it may be suggested that the differences in the growth rate between 
lemon and sweet orange or grapefruit may play an important role in that 
the leaves of the former would draw more heavily on the magnesium supply 
than those of the latter. 

There are several points of interest in the tables in addition to the case 
of soluble magnesium. It is well known that the calcium content of the 
ash of normal mature Citrus leaves is nearly constant, being about 35 per 
cent. Approximately the same percentage was found in the ash of all 
bark samples analyzed, regardless of whether the variety was the scion or 
the stock. Moreover the dry matter of the lemon leaves contains about 18 
per cent, of soluble calcium, whereas that of sweet orange contains approxi- 
mately 50 per cent. (1). Such differences do not exist in the trunk bark; 
as a matter of fact, the values as given in the tables are extremely low in 
comparison and do not reveal any great difference between the different 
varieties. 

Throughout the tables there is a slight suggestion of inorganic gradients 
in the trunk. Since the samples consisted of bark taken immediately above 
and below the bud union, one could not expect to find consistent differences 
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in the same direction. However, in the case of the trees having a lemon 
scion, a grapefruit intermediate and a sweet stock, the samples necessarily 
represent greater intervals along the trunk and main branches. Here we 
find a gradual increase from top to bottom in the soluble and total calcium 
in the dry matter, but a decrease in the soluble ash and total magnesium 
in the total ash. 

Summary 

Some differences in inorganic composition between scion and stock of 
Citrus were studied. It was found that the soluble magnesium as a per- 
centage either of the dry matter or of the soluble ash of the trunk bark is 
lowest in the lemon and sour orange and highest in the sweet orange and 
grapefruit. The values found in the bark of the stock vary according to 
the scion variety with which it is combined. If the scion is lemon, which 
normally has a low value, and the stock is sweet orange or grapefruit, the 
values for the stocks are much lower than they would be if they had not 
been budded. On the other hand if sweet orange or grapefruit (with a 
higher value than the lemon) is growing on the sour orange, then the value 
of the latter is considerably higher than it would be if the lemon were 
the scion. 

Citrus Experiment Station, 

Riverside, California. 
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STORAGE OP TRUCK CROPS: THE GIRASOLE, HELIANTHUS 

TUBEROSUS m 

Hamilton P. Traub , 2 Clifford J. Thor, J. J. Willaman, 

and B. Oliver 

(with four figures) 

The girasole, 8 Helianthus tiiberosus, has had much interest centered upon 
it since the report of Jackson, Silsbee and Proffitt ( 4 ) on the possible 
commercial preparation from it of fructose, a sugar sweeter than sucrose, 
according to Paul (7), Deerr (3), Sale and Skinner (8), Biester, 
Wood and Wahlin (2) and Spbngler and Traegel (10). A survey of 
the plants which might serve as a source for the commercial production of 
fructose shows that the girasole ranks among the more promising. The 
plant has been in general use in many European countries for a long time 
as a truck crop and as a stock food, and to a lesser extent this is true for 
certain sections of the United States. 

One of the chief problems in connection with this crop is that of storage. 
The periderm of the girasole tuber is very thin and easily ruptured. There 
is a rapid loss of moisture on exposure to atmosphere at room temperature. 
The tubers are subject to parasitic diseases under ordinary storage con- 
ditions. 4 Most authorities seem to be agreed that the best method of storage 
is the practice of leaving the tubers in the ground and digging them when 
needed. Shoemaker (9) reports good success with tubers stored in burlap 
bags in a cold cellar at Washington, D. C., from November, 1925, to March, 
1926, without shriveling or other difficulty. The temperature was kept near 
the freezing point. The preliminary experiments reported in this paper 
covering the period from August 30, 1927, to March 22, 1928, were carried 
out in order to secure more accurate information with regard to the storage 
of this crop. 

* Published, with the approval of the Director, as paper no. 807 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

* Thanks are due Lawrence Zeleny for competent assistance in certain of the chem- 
ical determinations. 

2 Chief, Division of Horticulture, Texas Agricultural Experiment Station, College 
Station, Texas, since April, 1928. 

* Helianthus tuherosus is not an artichoke and is not native to Palestine; therefore, 
** Jerusalem artichoke 0 is a lengthy misnomer, and is being replaced, for purposes of 
economy, if for no other reason, by the simpler term, 4 * girasole . 9 f See L. H. Bailey, 
Vegetable Gardening, 1890. 

* A study of the diseases of girasole tubers in storage was carried on parallel with 
the experiments reported in this paper by Prof. H. W. Johnson, of the Division of Plant 
Pathology. This report will be published separately. 
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PLANT PHYSIOLOGY 


Methods 

The general plan of the experiment included the study of the dry matter 
and water soluble carbohydrates in the tubers of the Portland variety from 
August 30, 1927 to March 22, 1928, (1) outdoors on silt loam, (2) outdoors 
on sandy loam, (3) in common storage at 34°-49.5° F., (4) common storage 
at 33.5°~44° F., (5) in cold storage at 32°-35° F. The tubers were washed, 
dried with a towel and ground to a pulp in a food chopper. The pulp was 
thoroughly mixed, after which 100 gm. were taken for a moisture determi- 
nation, and two 30-gm. portions for sugar analysis. Fifteen cc. of water 
were added to each of the 30-gm. samples in a 250-cc. beaker and the mix- 
ture was set in a boiling water bath for one hour. The extract was pressed 
from the pulp while hot, with a small juice press, into a 100-cc. volumetric 
flask. The pulp was washed with two 15-cc. portions of boiling water, the 
washings being added to the first extract. The combined extracts were 
hydrolyzed with 2.5 cc. of 8.12 N HC1 on a water bath at 70-80° C., for 
35 minutes and cooled to room temperature. To clarify the hydrolyzed 
extract, solid neutral lead acetate was added until precipitation was com- 
plete. A white precipitate of lead chloride is deposited first and this is 
followed by colloidal matter. The mixture was then diluted to volume 
(100 cc.) and filtered, deleaded with solid disodium phosphate and filtered 
again. 

Aliquots of the deleaded filtrate, which was clear and practically color- 
less, were used for the selective determination of fructose and total reducing 
substances by Ost’s cupro-carbonate method as modified by Nyns (5). 
The cupro-carbonate solution was prepared as follows : 250 gm. K 2 C0 3 and 
100 gm. KHCO a were dissolved in 700 cc. boiling water; 25.3 gm. of very 
pure CuS0 4 • 5II a O dissolved in about 100 cc. of water were added, and 
the solution was made up to 1 liter. One or 2-cc. aliquots of the clarified 
sugar solution were placed in 250-cc. Erlenmeyer flasks and distilled water 
was added to make a total of 20 cc. Then 50 cc. of cupro-carbonate solution 
were added and the mixture was reduced: one set on a water bath kept 
at 48.5-49° C. for the determination of fructose, and another set on a 
boiling water bath for the determination of total water soluble carbohy- 
drates. Reduction was carried out for exactly 2.5 hours, when the cuprous 
oxide precipitates were collected in Gooch crucibles on asbestos mats. The 
amount of copper was determined in each case by the permanganate method 
as given in Official Methods (1) . These values, referred to tables in Oliver’s 
paper ( 6 ), gave the amount of fructose and of total reducing sugars. Sub- 
tracting the former from the latter gave “glucose,” a term here used to 
include glucose and any other reducing substances other than fructose which 
may be present. 
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Kinds of carbohydrates present 

In an attempt to determine the amount of free reducing sugars in the 
girasole tuber, a sample (Nov. 3, 1927) was extracted in the usual way, 
except that some OaC0 3 was added to prevent hydrolysis of polysaccharides 
by the natural acidity of the juice. Hydrolysis with HC1 was omitted but 
the extract was clarified with neutral lead acetate and deleade 4 as usual. 
This unhydrolyzed extract was subjected to the cupro-carbonate reduction 
at 48.5-49° C., and at 100° C. In both cases no more copper was reduced 
than in the case of the blank for the method, indicating the absence of free 
fructose or free “glucose.” 

Samples of the same material were extracted at room temperature 
(23° C.) instead of at 100 ° and in the presence of CaC0 3 to prevent hy- 
drolysis. In this case the extract was also filtered to remove CaC0 3 par- 
ticles. The extract was then hydrolyzed with HC 1 and run through the 
usual procedure. In this way it was hoped to remove the water soluble 
levulins or inulides without removing inulin itself. However, the analyses 
gave only slightly lower values for fructose and “glucose” in this extract 
than in the case of the extracts prepared in the usual way. 

Fructose * ‘ Glucose ’ 9 
per cent, per oent . 

Usual method ... ... 10.90 5.71 

Cold extraction in presence of CaCO, and hydrolysis with HC1 9.68 4.97 

This indicates that practically all the water soluble polysaccharides are 
inulides, and that the inulin content is low, which is in harmony with the 
work of Willaman (12). 

Preliminary analyses, 1926-27 

The preliminary work was done on the crop of 1926. One variety of 
white girasole was grown in St. Louis County. Another lot of tubers, of 
an unknown variety, was secured from Portland, Oregon, and grown at 
University Farm ; and some of the same variety, which had been grown at 
Portland, were sent to us in October and placed in a root cellar. Some 
French Mammoth were also grown at University Farm. Samples of tubers 
were dug at intervals during the winter and spring, some being analyzed 
immediately and others kept in a root cellar for various periods. The data 
are presented in table I. 

It will be noted that the fructose content is rather low in comparison 
with that found by Jackson, Silsbee and Proffitt ( 4 ). This is prob- 
ably due to immaturity. The sample from Portland, Oregon, contains 
nearly twice as much fructose as the others. 

During the winter, whether the tubers are in the ground or in storage, 
the fructose-glucose ratio is rather low. By May the ratio has increased 



TABLE I 

ON OF GERASOLiE TUBERS, CROP OF 1926 



Glucose here means reducing sugars other than fructose in the hydrolyzed extract. 
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markedly. It must be pointed out that direct comparison may not be made 
between these 1926 samples and those grown in 1927. 

Experiments in 1927-28 

The Portland variety of girasole was grown at University Farm in 1927 
in sandy loam and in silt loam. They were analyzed when freshly dug on 
August 30, when the tubers were still immature ; on November 3, when they 
had apparently gained their maximum development; and on December 20, 
January 30, and March 22, during the storage period. On November 3, 
some of the tubers on the sandy loam were dug and placed in three types of 
storage. The conditions of storage and the behavior of the tubers under 
these conditions is shown in table II and figure 1. The results of the 
analyses are shown in table III and in figures 2, 3, and 4. 


TABLE II 

Pee cent, op sound, shriveled and diseased girasole tubers, under different storage con- 
ditions. Grown at University Farm, St, Paul, Minnesota 


Storage conditions 

Date of in- ! 

Condition of tubers expressed 

IN PER CENT. OF ORIGINAL 

Temperature 

Relative 

SPECTION 


NUMBERS 


humidity 


Sound 

Shriveled 

Diseased 

Common storage 34-49.5° F. 

per cent. 

73.9-86.1 

January 30, 1928 
March 29, 1928 

per cent. 
27.7 

7.5 

per cent . 
38.7** 
6.9** 

per cent . 

33.5 

85.5 

Common storage 33.5-44° F. 

89.3-92.0 

January 30, 1928 
March 29, 1928 

48.6 

47.3 

33.3** 

44.6** 

18.0 

19.3 

Cold storage 32-35° F. 

89.1-92.0 

January 30, 1928 
March 29, 1928 

85.2 

80.5 

10.0* 

14.1* 

4.7 

5.2 


* Slightly shriveled. 
** Much shriveled. 


Condition of tubers . — The data in the table indicate that the higher 
temperatures and lower humidities induce the shrivelling of the tubers as 
well as the attack by pathogenic organisms. On the other hand, the tubers 
keep very well at lower temperatures and higher humidities. Under the 
most favorable conditions supplied in these experiments (32°-35° F., and 
89-92 per cent, humidity) 80 per cent, of the tubers were sound at the end 
of the period, less than 15 per cent, were slightly shrivelled, and 5 per cent, 
were diseased. Under the least favorable conditions (34°-49° F. and 74-86 
per cent, humidity) only 7 per cent, remained sound, 6 per cent, were 
shrivelled and 85 per cent, were diseased. 
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Seasonal variation in moisture, dry matter, fructose and total water soluble carbohydrates in oirasole tubers, Portland variety, in the 
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Fig. 1. Per cent, sound, shriveled, and diseased girasole tubers stored under various 

conditions. 

Moisture content . — Prior to the storage period, November 3, there was 
an increase in dry matter, as shown in figure 2. From then until March 22, 
the tubers kept in the ground showed a steady increase in moisture. Those 
kept in a root-cellar at 34°-49° F. and relative humidity of 74-86 per cent, 
showed a consistent decrease in moisture, totaling 10.8 per cent. Those 
stored at 33°~44° F. and 89-92 per cent, humidity lost only 3.1 per cent., 
and those at 32°-35° F. and 89-92 per cent, humidity lost 3.5 per cent. 
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DATS OF ANALYSIS 

Fig. 2. Variation in dry matter, total water-soluble carbohydrates, fructose and “ glu- 
cose' * in girasole tubers under various storage conditions. 

University Farm, St. Paul, Minnesota. 

Carbohydrates . — The total water-soluble carbohydrates are built up in 
the tuber until November, when a maximum is reached, both on the green 
and dry weight basis. This is shown in table III, and figures 2 and 3. 
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From November to March there is a total decrease in water-soluble carbo- 
hydrate on a dry weight basis. Between November 3 and March 22, there 
is a loss of more than 10 per cent, of the water-soluble carbohydrates on a 
dry weight basis. There are minor fluctuations which cannot be explained 
by the data presented. The rise in water-soluble carbohydrates on January 

iQ OUTDOORS - SILT LOAM 
(0 Out POORS - SANDY LOAM 

(» STORAGE AT *¥*- ¥¥f*F (STORAGE CELLAR A) 

M STORAGE AT SAf- ¥**F (STORAGE CELLAR A) 



Pig. 3. Variation in total water-soluble carbohydrates, fructose and * 1 glucose 9 * in 
girasole tubers under various storage conditions. 
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30 may be due to the seasonal difference in the material. Traub (11) has 
shown that there is a difference in the carbohydrate fractions extractable 
from apple wood at various seasons of the year. It will be noted that the 
decline in fructose is consistent, and that the fluctuations in water-soluble 
carbohydrates is due to other unexplained causes. 

In storage the continual loss of moisture apparently has a marked effect 
upon the percentage of total sugars per unit green weight, as shown in 
fig. 3. Under the more favorable storage conditions the moisture content 
and percentage total sugars per unit green weight are more constant. 

From the standpoint of possible fructose manufacture the ratios of fruc- 
tose to other sugars, and fructose to total sugars are of primary importance. 
During the winter, both in storage and in the field, there is a simultaneous 
increase in “glucose” and decrease in fructose, although the latter process 
is the greater as shown in figures 3 and 4. The total sugar content reaches 
a maximum at the beginning of November, and consequently the best time 



Pig. 4. Ratios of fructose to “glucose” and fructose to total water-soluble carbo- 
hydrates, in girasole tubers under various storage conditions. 
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to utilize the tubers for the maximum fructose yield per unit weight is at this 
stage when the ratio of fructose to other sugars is the highest. 

Conclusions 

1. Qirasole tubers in storage under the conditions of the experiment have 
a larger amount of water-soluble carbohydrates per unit green weight than 
tubers left in the ground over winter. 

2. Girasole tubers may be successfully stored as a truck crop, and as 
propagation stock, at a temperature range of 32°-35° F., and a relative 
humidity of 89-92 per cent. The optimum conditions for storage, which 
may or may not approximate the conditions described above, are still to be 
determined. 

3. Tubers stored at temperatures above 40° F. lose moisture rapidly, 
shrivel, and are subject to storage diseases to such an extent that prac- 
tically the entire crop so stored is lost by the end of the storage period. 

4. From the time of maturity in the fall up to the end of January there 
is a consistent decrease in the ratio of fructose to glucose, and of fructose 
to total water-soluble carbohydrates under all conditions studied. From 
the standpoint of possible fructose manufacture, harvesting and utilization 
should take place near the time of maturity in November under Minnesota 
conditions. 

5. There is apparently a seasonal variation in the proportion of the 
water-soluble carbohydrates extractable. 

6. Girasole tubers at the time of harvest do not contain appreciable 
amounts of free reducing sugars. 
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SEASONAL VARIATION OF THE CHLOROPLAST PIGMENTS IN 
SEVERAL PLANTS ON THE MALL AT WASHINGTON, D. C, 1 

F. M. SCHBRTZ 

Introduction 

The following investigation was undertaken to determine if possible 
what effect the time of year might have upon the chloroplast pigments. 
It is of course known that the time of year influences the nutrient elements 
which are found in the soil and these in turn affect the pigments 
which are present in the leaves. Plants were chosen, to which no chemical 
fertilizers were added during the course of the year. It was thought that 
this experiment might possibly aid in interpreting the results obtained from 
crop plants which had been fertilized. 

Material used 

All of the leaves (without petioles) used in these experiments were 
weighed, ground and extracted immediately after picking. A ten gram 
sample was used in each case while the extraction and the fractionation of 
the pigments were done according to methods 2 already described by the 
writer. All, determinations were made colorimetrically. 

The first collection was made from very young leaves as soon as the 
required amount could be easily obtained and the last collection was made 
just before frost killed the leaves. The pigments as given in table I are 
the result of only one determination for each pigment on a single ten gram 
sample of leaves. Three trees and two shrubs were chosen for the experi- 
ment because of the different habits of their growth. The samples were 
always collected from the same side of the plant, and whenever possible the 
leaves were picked from the same branch. The data were obtained during 
the year 1920. 

Results 

The results of the investigation are presented in table I where the date 
of the leaf collections and the species of plant investigated are shown. 

In looking over the results, it is very difficult to draw any very definite 
general conclusions regarding the pigments present in these plants. In 
drawing conclusions from work of this type, one must always consider the 

1 Soil Fertility Investigations, United States Department of Agriculture, Wash- 
ington, D. C. 

2 Schertz, F. M. The extraction and separation of chlorophyll (a + fl), carotin and 
xanthophyll in fresh leaves preliminary to their quantitative determination. Plant 
Physiol. 3 : 211-216. 1928. 
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TABLE I 

TH® CHLOROPLAST PIGMENTS (IN MILLIGRAMS PER 10 GRAM SAMPLE OP FRESH LEAVES) PRESENT IN LEAVES FROM SHRUBS AND TREES GROWING ON THE MALL AT 

Washington, D. C. 
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errors which are ever present in the methods used in making the deter- 
minations. The errors which were made in estimating the carotinoids, as 
has been shown in previous papers which described the colorimetric methods 
that were used here, are much larger than were the errors made in esti- 
mating the total chlorophylls. The chlorophyll data may then be con- 
sidered of most value. 

It is interesting to note that the amount of chlorophyll present in the 
three trees rises on July 20 and then there apparently is a rapid drop for 
a month or more and then later a rise in all but the Ginkgo. Perhaps the 
fact that this species belongs to an entirely different group of plants might 
account for its different behavior. In the case of the boxwood, Buxus 
sempervirens, young leaves (1920 growth) and old leaves (1919 growth) 
were used in the experiments. The old leaves contained much less chloro- 
phyll than the young leaves. The amount of chlorophyll in both types of 
leaves apparently increased as the season advanced. The amount of chloro- 
phyll present in the Japan quince evidently increased also as the season 
advanced. There is no explanation offered as to why the shrubs behave 
differently than the trees. 

It can be said about the carotinoids that two of the trees and the Japan 
quince contained more pigment at the beginning of the season than did the 
boxwood and the Ginkgo. The maple leaves contained more pigment and 
there was less variation in the pigment content of this tree during the 
course of the season than that of any of the other plants investigated. The 
carotinoids present in Prunus decreased to a minimum the first of Sep- 
tember and then gradually increased again. The Ginkgo leaves showed a 
gradual decrease in the amount of the carotinoids present in them. On the 
whole, the old leaves from the boxwood contained less yellow pigments than 
did the young set of leaves, although the young leaves started the year with 
less pigment. 

The chlorophylls and the carotinoids may be correlated in a few cases. 
Acer palmatum contained the greatest amount of both pigments. The 
amounts of the green and the yellow pigments present in Ginkgo decreased 
as the season advanced. Both the greens and the yellows decreased and 
then increased in Prunus cerasifera. In a rough way the carotinoids 
present in the Japan quince parallels the amount of chlorophyll present. 
In general, it may be said that in every case the amount of carotinoids 
roughly parallels the amount of chlorophyll present in the leaves. 

The investigations of Willstatter and Stolli 8 have shown that the 
chlorophyll content of some of the plants which they worked with varied 
considerably during the growing season. 

8 Willstatter, R., and Stoll, A,, Untersuchungen iiber Chlorophyll. 1913, 
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Table II shows the results of their investigation. Nothing is known 
regarding the conditions of growth of these plants. These conditions un- 
doubtedly were a very important factor with reference to the amount of 
chlorophyll which was found in the leaves. 

TABLE II 

The amount or chlorophyll present in plants at different times during the 

GROWING SEASON 


Plant 

Date 

Milligrams of chloro- 
phyll PER TEN GRAMS 

OF FRESH LEAVES 

Stinging nettles 

June 

23, 1911 

17.4 


July 

20, 1911 

22.3 


March 22, 1912 

12.6 

Plane tree 

June 

1, 1911 

15.3 


July 

25, 1911 

24.9 

Horse-chestnut 

June 

8, 1911 

28.3 


July 

22, 1911 

34.6 


Discussion 

In a paper of this kind great care must be exercised to avoid drawing 
conclusions that are not warranted. There are many chances for error 
and the investigator must always be on his guard. 

To secure data which would be of great value, an investigation such as 
this one should be continued during the course of several seasons and all 
meteorological data should be correlated with the quantitative estimation 
of the pigments. The data from a single season will show only what hap- 
pened during that one year and of course cannot be relied upon for general 
conclusions. 

Moreover, samples should be analyzed in duplicate so as to detect and 
eliminate any possible errors in the quantitative separation of the pigments. 
This would greatly increase the amount of work to be done but it is be- 
lieved that the results obtained would more than justify the labor re- 
quired. Caution must be exercised in the taking of samples. The method 
of sampling must be carefully planned in advance so that it will not be 
necessary to revise the scheme, for leaves picked from different plants or 
from different parts of the same plant vary greatly in pigment content. 
The error in sampling may easily be greater than any errors due to the 
method of extraction and estimation. Investigations conducted so as to 
show the pigment content of the leaves from various parts of the same 
plant would be exceedingly interesting. 
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In the collection of the leaves, care must be used that the leaves contain 
unaltered chlorophyll ; for if the green pigments are altered in any manner 
the colorimetric results may not be the true values at all for the chlorophyll. 
The chief danger with which the investigator must contend is the rapid 
change during the autumn when the leaves are changing color. Some of 
the results obtained in this investigation had to be discarded because of 
autumnal changes which affected the green pigments. Other factors may 
affect the color of the leaves even during the actively growing season. 

Soil conditions also should be carefully noted, for these have been shown 
to have a very decided influence on pigment formation. 

The most valuable data would be obtained if each factor could be arti- 
ficially controlled. The most important factors influencing the quantity 
of pigments present are rainfall, soil moisture, nutrient elements in the soil, 
light, temperature and humidity. 

Using Weather Bureau reports, an attempt was made to correlate the 
effects of temperature, sunshine and rain upon the amount of the chloroplast 
pigments present in the leaves. It seemed doubtful that any correlations 
could be established between environmental conditions and the amount of 
pigments produced from the results of one season's work. 

The results obtained in this study show that there is considerable fluctu- 
ation in the amount of chloroplast pigments present in green leaves even 
during the normal growing season. The data presented should lead to a 
closer study of all the factors which affect the amount of the chloroplast 
pigments in growing plants. 

United States Department or Agriculture, 

Washington, D. C. 




EFFECTS OF STORAGE ON ALCOHOLIC EXTRACTS OF PLANT 
TISSUES. AMINO ACID CHANGES 1 

Jambs E. Webster 
(with one figure) 

Plant chemists, as well as others, are confronted with the necessity of 
storing much of the material they desire to analyze, since usually a large 
number of samples are taken at one time. Three major methods are in 
vogue for this purpose : preserving in alcohol, freezing, and desiccation by 
heating to various temperatures. Various reasons have been advanced for 
the use of each, but only in the case of desiccation by heating ( 3 , 4 ) has 
extended study been made of the influence of the method upon the distribu- 
tion of the various constituents. Appleman and Arthur (1) report on the 
effects of storing in alcohol upon certain of the carbohydrates, but appar- 
ently little more work has been carried out upon the effects of this very 
important method upon the extracted constituents. As a result of this 
scarcity of information it is proposed to begin a series of studies on the 
effect of storage in alcohol upon the major plant constituents. 

While it hasheen recognized for some time that to make a comprehensive 
study of the nitrogen fractions in plants, it was necessary to work with 
fresh material, still many workers have found it convenient to study certain 
of these fractions in samples preserved in alcohol. Chief among these is the 
alpha amino acid fraction, and it is this fraction which will be studied in the 
present work. 

Experimental 

Preserving . — All of these samples were prepared by boiling the green 
plant tissue in 95 per cent, aldehyde-free alcohol, to which had been added 
an excess of CaC0 3 . After boiling for half an hour, the material was 
cooled and filtered. The alcohol was then expressed from the tissue as 
thoroughly as possible by hand, and the residue discarded. 

Before filtering, a small amount of KN0 3 was added to solution (B) 
and 1 gram of asparagine was added to the 1800 cc. of solution (D). 

Samples . — Solutions (A) and (B) were prepared from commercial 
samples of spinach and were stored in January. They were alike with the 
exception of the nitrates added to solution (B). Solutions (C) and (D) 
were also prepared from market spinach, but these were stored in August. 
They were alike excepting for the asparagine added to solution (D). Solu- 

i Published with the permission of the Director of the Oklahoma Agricultural Experi- 
ment Station. 
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tion (E) was prepared from young alfalfa, and was started in September. 

Storage . — Samples* (A), (B) and (E) were stored in two liter flasks, 
sealed to prevent evaporation between samplings. They were placed in a 
warm spot in the laboratory and exposed to daylight. Samples (C) and 
(D) were made up to a given volume and then transferred to individual 
volumetric flasks, sealed and stored in the dark until each determination 
was to be run. 

Analysis . — One hundred-cc. samples of the extracts were evaporated to 
a small volume several times on a water-bath to remove alcohol, then trans- 
ferred to 50-cc. volumetric flasks and 2-cc. aliquots were used for each 
determination. The micro Van Slyke apparatus was used and the proce- 
dure outlined in Mathews Physiological Chemistry followed. The results 
are expressed in terms of mg. of amino nitrogen in 2 cc. of solution and are 
shown in fig. 1. No allowance was made for ammonia or amide nitrogen 
in calculating the percentages. 

Discussion 

In reviewing the graph it is at once apparent that there is a marked 
decrease in the percentage of amino nitrogen in every case. It is also 
apparent that the decrease is not uniform in every case ; in fact, in sample 
(C) where the solution was stored in individual flasks there is considerable 
fluctuation, indicating that the solution was acting differently in the various 
flasks. It is also worth noting that solutions (B) and (E), high in nitrates, 
show the greatest changes. However, nitrates were determined on (B) 
along with the amino acid determinations and showed no change. This 
seems to indicate, then, at best, only a casual relationship. 

Very probably the reaction takes place in the same manner as that 
occurring in a water solution as shown by Dakin and Dudley (2) in which 
they were able to demonstrate the formation of ammonia from, amino acids 
as shown in the following equation: 


CH 8 

CH • NH 2 

i 

COOH 


CH S 

I 

C = 0 + NHg 
CHO 


If this represents the true reaction taking place, we would expect an 
increase in the reducing power of the solution and an increase in ammonia. 
This problem is to be started at an early date and perhaps then we can say 
more regarding the mechanism of the change. There is also the possibility 
of some enzyme action bringing about a deaminization, although this is con- 
trary to the common belief that preservation in alcohol stops enzyme action. 
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Pig. 1 . Graphic representation of the changes in amino acid nitrogen of plant ex- 
tracts during storage in alcohol. 

(A) Spinach extract, stored in January, in warmth and light. 

(B) Spinach extract + nitrate (KNO*), stored as (A). 

(C) Spinach extract, stored in August, in darkness. 

(D) Spinach extract + asparagine, stored as (C). 

(E) Young alfalfa extract, stored in September, in warmth and light. 

Neither should one overlook the possibility of certain substances catalysing 
the changes. Work on the influence of nitrates, phosphates, and possibly 
other groups, will be reported later. 
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Summary 

We are able to conclude from this work that there are some, possibly 
many, changes taking place when alcoholic solutions are stored for long 
periods ; if this applies as well when the solutions are allowed to remain in 
contact with the plant material, we must be very careful in drawing con- 
clusions from the analysis of such samples. 

The author desires to express his appreciation to Dr. Burrell, of Ohio 
State University, for his timely suggestions on this problem. 

Department op Agricultural Chemical Research, 

Oklahoma Agricultural and Mechanical College. 
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X-RAY PHOTOGRAPHY OF MINERAL ACCUMULATIONS IN 

PLANTS 

C. L . Crutchfield 

(with six figures) 

The accumulation of mineral salts in plants has heretofore been demon- 
strated mainly by microchemical means, a method which is not always satis- 
factory for quantitative ends, since some of the minerals may be masked 
through organic combinations, and since the amount of color produced, in 
reactions dependent on colors, is not necessarily proportional to the amount 
of mineral present in the tissues. 

In recent years Hoffer 1 and his coworkers have used the microchemical 
method to demonstrate the accumulation of iron and other elements in the 
nodal tissues of Zea mays in connection with corn root rot problems. The 
writer has employed an entirely different method, and has been able to 
demonstrate such mineral accumulations in the nodal tissues of sugar cane, 
Saccharum officinarum, with results that offer beautiful confirmation of 
Hoffer ’s discoveries with the microchemical methods in com. 

The purpose of this paper is to present a few facts concerning the 
method of detecting mineral accumulations by means of X-rays. It is hoped 
thereby to stimulate more work along this line, and to encourage the use of 
this method in studies involving mineral deposition, and mineral transloca- 
tion in plants. As time goes on X-rays have found an ever widening field 
of usefulness in science, industry, and medicine. It seems quite probable 
that many other uses for these rays in biological work may be found. 

George L. Clark, in his “Applied X-Rays, ’ ’ mentions several of the less 
well-known applications, and says: “Although X-rays because of their short 
wave-length are much more able to penetrate matter than ordinary light, 
still they arc differently absorbed by different substances ; that is to say, all 
materials are not equally transparent to X-rays. ” This fact is the basis of 
the science of radiography. Broadly defined, the technique consists in pass- 
ing a beam of X-rays through the object to be examined, and by means of a 
fluoroscope, or preferably a photographic plate, record the varying intensi- 
ties of the emergent rays, thereby obtaining a shadow picture of the interior 
of the object. The first practical uses of the X-rays were probably of a 
radiographic nature, and today radiography is a most useful tool for the 
medical and industrial diagnostician. 

1 Hoffer, G. N., and Carr, R. H. Accumulation of aluminum and iron compounds 
in corn plants and its probable relation to rootrots. Jour. Agr. Res. 23: 801-824. 1923* 
See also, Hoffer, G. N. Testing corn stalks chemically to aid in determining their plant 
food needs* Purdue Agr. Exp. Sta. Bull. 298. 1926. 
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The writer has simply employed the essential quality of the X-rays of 
being differentially absorbed by different substances, in detecting the locali- 
zation of mineral depositions in plants. In developing the technique, some 
substances other than those found abundantly in plants were used, mainly 
to afford substances differing in opacity to the X-rays. Some of the chem- 
icals used are quite opaque to X-rays, others relatively easily penetrated. 

In performing the experiments, solutions of 1-2 per cent, strength were 
used, of the following salts: Ferrous sulphate, aluminum chloride, potassium 
sulphate, sodium chloride, lead nitrate, and barium chloride. The heavier 
metals, lead and barium, are quite opaque ; following these are iron and alu- 
minum, relatively considerably less opaque; finally, sodium and potassium 
are very easily penetrated by X-rays. 

Normal average sugar-cane sticks were cut at the surface of the soil, the 
cut end placed at once into a beaker containing one of the mentioned solu- 
tions; control sticks were similarly placed in tap water. All sticks were 
allowed to remain in the solutions for about 48 hours before they were 
photographed. During this time, continuing transpiration and existing 
saturation deficits caused the absorption of some of the solution, which could 
easily be detected from the decrease of volume of solution remaining in the 
beakers. 

The sticks were now laid across the film-holder containing an X-ray 
film, and were exposed to X-rays emanating from a Coolidge X-ray tube. 
In order to secure good photographs, the rays must be adjusted to a suitable 
penetrating power, and the time of exposure must also be adjusted to the 
results desired. The photographs reproduced in this paper, were made 
with a voltage of only about 27500, with 10 milliamperes of current. The 
exact voltage used depended somewhat upon the thickness of the sticks of 
cane. The time of exposure was usually about 3.5 minutes. The cane was 
placed as close to the film-holder as possible in order to obtain dear sharp 
images. In any given case the investigator will find it necessary to carry on 
preliminary experiments with different milliamperages and voltages with 
each object of research, to obtain the best results. In general, the voltage 
will be much lower than is easily obtained in most makes of apparatus, the 
average medicinal unit being designed for higher voltages. 

The distance from the X-ray tube to the film is, of course, very impor- 
tant since the length of exposure varies with the distance. The photographs 
shown here are the results of. a preliminary study. In fig. 1 is shown a 
stick which was allowed to take up barium chloride through the cut end. 
The barium was deposited most heavily at the node, or under the buds. Not 
only are the nodal deposits shown, but also the vascular system is clearly 
outlined. It shows better in the photograph than in the reproductions from 
it. One can see some of the root bands also, rather easily. 
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Fio. 1. Sugar cane stick, photographed by X-rays after having taken up barium chloride. 
Dark bands show nodal accumulation of BaCl s - 

Fig. 2 was made from the photograph of a stalk allowed to absorb lead 
nitrate solution. The control stick is at the left. The root bands show very 


148 


PLANT PHYSIOLOGY 



Pig. 2. X-ray photograph of sugar cane sticks ; at the right, treated with lead nitrate ; at 
the left, the control. The lead nitrate is very prominent in the root bands. 
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Fig. 3. Nodal accumulation of iron, from FeS0 4 . Improperly exposed. 
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clearly here,and the vascular system in the internodal region is brought 
out quite well. In the control sticks two buds are seen at the nodes. Both 
figures 1 and 2 axe made from stalks containing the most opaque salts used. 
Lead and barium are not very prominent constituents among the ash ele- 
ments of plants, though probably never complete^ absent. Barium is 
rather universally distributed in soils and plants, but these elements do not 
occur in such abundance as to show up in the nodes of the control sticks. 
Iron and aluminum, however, are nearly always fairly abundant in soils. 
In fig. 3 is shown a photograph from an improperly conducted exposure of 
a stalk which had been treated with FeS0 4 . The nodal accumulation, in 
spite of the improper exposure, is clearly shown, and even the vascular 
bundles .can be seen. Better examples of iron accumulation are shown in 
fig. 6. 

The lighter elements, potassium and sodium, are more readily penetrated 
by X-rays, and so appear to clear up the nodes. In fig. 4 we see a stick 
which was allowed to take up NaCl. The control stick, to the left, contrasts 
strongly with the treated one. The latter seems to have deposited the sodium 
salt sharply at the node. One might question whether it is the sodium, or 
chlorine, or both that are involved in the deposition. In the treated stick 
(right) one can see some spots of lighter color. These were found, on cut- 
ting the sticks, to be the cavities produced by a stalk borer. 

In fig. 5 the control stick is to the right, and the treated stick (left) was 
allowed to absorb K 2 S0 4 . This also seems to clear out the nodal tissue, and 
to make it less dense than normal. The proper interpretation of this clear- 
ing of nodes by Na and K salts probably is that the sodium or potassium 
displaces some heavier metals, as Pe and Al, that normally are deposited in 
that region, and so prevents their union with the organic constituents of 
the nodes. These X-ray results are again in harmony with Hoffer ? s re- 
sults in which he claims that potassium prevents the over-accumulation of 
iron or aluminum in the nodes of corn. 

The final figure 6 is most interesting. These stalks were not allowed to 
absorb solutions, but were taken from soils in which the soluble mineral con- 
tent was high. The photographs show what can be accomplished in check- 
ing up on soil experiments. The small stick to the right is a young cane 
grown on a soil containing high available aluminum, while the two to the 
left of it are from a soil with high available iron. The stalks from the iron 
containing soil showed slight indications of iron injury, but yet growth was 
practically normal. Tests made for iron and aluminum by other methods 
did not show them present, but the X-ray photographs clearly show the 
nodal accumulations. This method may therefore exceed in sensitivity the 
microchemical methods of detecting these accumulations. A very interest- 
ing feature of the stalks grown on the iron-rich soil is the clear indication in 
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Fig. 4. Sugar cane sticks: Right, after exposure to NaCl, nodal accumulation being 
indicated by clearer nodal tissue; left, control. Spots in the experimental stick are 
due to a borer. 
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Flo. 5. Sugar cane sticks: Left, treated with FeS0 4 ; right, control. Nodal accumula- 
tion is indicated by clearer nodal tissue. 
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Fig. 6. Sugar cane sticks grown on soils with high available minerals. Right, 
grown on high available aluminum soil. Center and left, on high available iron soils. 
The nodal accumulations are easily seen, as well as the vascular tissue of internodes. 
See text for additional details. 

the middle stalk of fig. 6 of three bands of iron deposition at the nodes, one 
across the central part of the node, and one on either side. Professor 
IIoffer, who has examined these photographs, has found similar banded 
nodal deposits by microchemical means. 

Additional work is in progress with the X-ray method in the hope that 
some of the problems connected with the translocation of salts in plants may 
be solved. It ought to be possible to determine whether xylem or phloem is 
mainly concerned in translocation of salts by a study of localization of 
minerals in plants which have absorbed the salts through unbroken root 
systems. Space does not permit the inclusion of photographs of some other 
plants, such as com, tomato, and some quite good ones of SelagineUa which 
seem to show the structure of the vascular system very well. 
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In conclusion, the writer desires to express his thanks and appreciation 
to Mr. W. S. Kendrick,* of the Victor X-Ray Corporation, Chicago, for the 
loan of apparatus, and the use at times of their X-ray equipment and dark 
rqom, in connection with the more recent work. He is also indebted to Pro- 
fessor Charles A. Shull for assistance in preparation of the manuscript. 

Honolulu, Hawaiian Islands: 
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JULIUS VON SACHS 
(with one plate and one figure) 

Julius von Sachs has been called the Father of Plant Physiology both 
on account of his importance in the development of the science and be- 
cause he was the first teacher to hold a position which recognized plant 
physiology as a separate subject in university teaching. An estimation of 
the important position of Sachs in the development of plant physiology 
was given in a review of his life by F. Noll in the Naturwissensehaftliche 
Rundschau 12 : 460-464, 472-475. 1897. This was in part translated by 
J. M. Coulter in the Botanical Gazette 25 : 1-12. 1897. Goebel also gives 
a review of his life in a supplementary volume of Flora for 1897. This was 
translated in Science Progress 7 : 150-173. 1898. 

The life time of Sachs covers a period of rapid growth of plant 
physiology. In his laboratories there developed many students who spread 
the zeal of their teacher and who led to the development of their new sci- 
ence. Among these may be mentioned Pfeffer, Klbbs, DeVries, Bara- 
netzky, Brefeld, Millardet, Moll, Noll, Prantl, Stahl, Elfving, 
Francis Darwin, Godlewski, Vines, Marshall Ward, Goebel, G. Kraus, 
Muller-Thurgau, and many other prominent names. Sachs was con- 
sidered the grand old man of plant physiology by the many German and 
foreign students of Pfeffer ’ s laboratories. An introduction to him was 
a high honor. The stimulation of research in plant physiology in the United 
States owes much to the introduction of his textbooks. 

Julius was the third son of Graveur Sachs, born at Breslau on October 
2, 1832. His father was an engraver by trade, and from him young Sachs 
learned perfectly the art of delineation, accuracy of line and color, which 
was of the greatest value to him in gaining a livelihood during the lean 
years of his student life and also later when he became a teacher. As a 
child, Sachs had for companions the sons of the physiologist, Purkinje, 
and no doubt he was much influenced by this association. Early in boy- 
hood he made collections of plants and was expert in their classification. 
On many field excursions with his father he was encouraged in botanical 
collections in which he took great pride. He gave much of his time be- 
tween the ages of thirteen and sixteen years to drawing and painting the 
flowers, fungi, and other specimens which he collected. When he was 
sixteen years old, his father died, and the next year both his mother and 
a brother died of the cholera. From this time on, Sachs had to earn his 
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own education by means of the trade which he had learned from his father. 

In the Gymnasium from 1845 to 1850 Sachs enjoyed especially the 
natural sciences. He made a collection of skulls, and wrote a monograph 
ox* the crayfish. His natural science teacher, Krober, solemnly warned him 
against devoting himself to the natural sciences. 



Fra. 1 . Julius von Sachs. 


Upon the death of both parents, Sachs was taken into the family of 
Pubkinje who had accepted a professorship at the university at Prag. 
He completed the courses of the Gymnasium and was admitted to the 
university in 1851. In Prag he published a Bohemian scientific journal, 
Ziva, and to this journal he made a number of scientific contributions. 

Upon the completion of his university course in 1856, Sachs began to 
devote his time to plant physiology, working especially upon seed germina- 
tion, the digestion and transport of nutrients, and the development of plant 
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organs. In April, 1859, upon the recommendation of Hofmeister, Sachs. 
became assistant to Stockhardt at Tharand. He was quickly advanced 
to take' charge of the laboratory of experimental plant physiology. In 1861 
he was elected head of the experiment station for plant physiology at Chem- 
nitz, but went instead to a professorship in the Poppeisdorf Agricultural 
Academy of the University of Bonn. The six years at this academy were 
most fruitful for research, and here also was published his Handbook of 
Experimental Plant Physiology. In 1867 Sachs was called to Freiburg 
to the chair vacated by the resignation of DbBary, but one year later he 
succeeded Schenk at the University of Wurzburg. Here he had at his 
disposal a large building for his botanical institute. His laboratory became 
the center of plant physiological research although the number admitted at 
one time was limited to ten students. Sachs published in 1868 his Lehr- 
buch, in 1875 a History of Botany, and in 1882 his Lectures upon Plant 
Physiology, all books outstanding even to the present day. He died at 
Wurzburg.on May 29, 1897. — R. B. Harvey, University of Minnesota . 

AN INVADING POTATO SPROUT 

When potatoes are grown in fields infested with Couch Grass (Agropyron 
repens ), it is not uncommon to find some of the tubers transfixed by the 
hard, sharply pointed rhizomes of this persistent grass. A growth phe- 
nomenon similar to this in appearance, yet very different in nature, was 
recently observed by the writer; and as this phenomenon is apparently a 
very unusual one, it deserves to be included in our botanical records. 

A sack of potatoes had been stored in a cellar during the winter months, 
and toward the close of this period as the days grew warmer and the gen- 
eral level of temperature began to rise, the buds of the tubers became ac- 
tive, and vigorous sprouts were formed. On one of these tubers a sprout 
was observed that had behaved in a most unusual manner. In its growth it 
encountered a neighboring tuber, in the side of which a small cavity about 
5 or 6 mm. in depth had been made by a wire worm. The growing point 
of the sprout entered this cavity and then continued its growth into the 
storage tissue of the potato, until it finally emerged on the opposite side. 
When it was first discovered the sprout had attained a length of 6.5 centi- 
meters, and a diameter of 8 mm. 

The accompanying photograph, figure 1, shows the position of the sprout 
imbedded in the tuber just as it was found, except that a portion of the 
tissue has been removed so that the full length of the sprout may be seen. 
At no point was there any evidence of a coalescence of the cells of the sprout 
with those of the tuber through which it grew, but the turgid sprout fitted 
very closely into the tunnel it had made. The surface of the tuber tissue 
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surrounding the sprout was very smooth, and at the point of emergence 
there was not the slightest indication of a rupture of the tissues, as would 
probably have been the case had the expanding cells of the sprout broken 
through by the mechanical force of growth. 

The general appearance of the tissue of the tuber suggested that the cells 
had been digested by the elongating sprout which was able in this way to 
excavate the tunnel through which it grew. This further suggests the pos- 
sibility of a sprout arising on one potato being able to procure a part or all 
of its nutrition from an adjacent tuber — at least under such circumstances 
as those here recorded. — P. D. Strausbaugh, West Virginia University . 



Fig. 1 . Potato tuber, penetrated by sprout from a neighboring tuber. The sprout ap- 
parently digested its way through the invaded tuber. 


SCHLOESING’S EXPERIMENTS ON THE RELATION OF TRANS- 
PIRATION TO THE TRANSLOCATION OF MINERALS 

In the last fifteen years a number of papers have been published show- 
ing at least partial independence of transpiration and mineral absorption. 
Hasselbring (2) found that tobacco grown under shade had as high ash 
content as plants grown in the open. Muenschrr (3) found that doubling 
the transpiration of barley by decreasing the humidity had no effect on ash 
absorption. Doubling the transpiration by differences in light intensity 
nearly trebled the absorption of ash but the ratio of ash to dry matter was 
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net affected. Curtis (1) has attempted to show that solutes are trans- 
located primarily in the phloem where their movement would of course be 
unaffected by transpiration. 

In spite of this accumulation of evidence, however, Schloesing *s ex- 
periment ( 4 ) published in 1869 has been so generally accepted in the older 
texts that its influence persists very generally among teachers of plant 
science. This note points out certain details in the experimental procedure 
used by Schloesing which have been overlooked in translation, and which 
would seem to invalidate the conclusions commonly drawn from the data, 
thus removing the conflict between this and more recent experimental work. 

Schloesing grew four tobacco plants in large pots, one under a bell jar 
shaded with muslin for four weeks, and three in the open air for six weeks. 
The plant under the bell jar transpired 7.9 liters, or 1976 ml. a week while 
the average transpiration of the exposed plants was 23.3 liters, or 3883 ml. 
a week. 

The dried leaves of the protected plant contained 13.0 per cent, of ash 
and of the exposed plants 21.8 per cent, at the end of the experiment. After 
correcting for dry weight and ash content at the beginning of the experi- 
ment the total gain of ash was 4.50 and 6.41 grams respectively. The data 
are claimed to prove the dependence of mineral movement on transpiration. 

An examination of the conditions of the experiment shows that the 
protected plant was not only shaded but received additional C0 2 in undeter- 
mined quantities. The results of the experiment can without difficulty be 
attributed to this difference in the C0 2 supply of the two lots of plants. 
For example, the rate of gain in dry weight was 10.0 grams a week for the 
plant receiving additional C0 2 and only 4.9 grams a week for the checks. 
There was also a rapid accumulation of starch in the plant under the bell 
jar to a total of 19.0 per cent., while the leaves of the exposed plants con- 
tained only 1.0 per cent, of hydrolyzable polysaccharides. The lower per 
cent, of ash is in large part due to the very rapid accumulation of carbohy- 
drates in the protected plant. 

If we consider the rate of ash assimilation we find that the covered plant 
gained 0.57 grams of ash for each liter of water transpired while the exposed 
plants gained only 0.28 grams for each liter of transpiration. Also the gain 
per week in the covered plants was higher in total ash and in all determined 
elements except chlorine, silica, and iron, and was very much higher in 
phosphorus and nitrogen. 

Summary 

The more or less classic experiment of Schloesing has been given an 
unjustified importance in establishing the dependence of mineral move- 
ment in the plant upon transpiration. The data are better interpreted 
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as showing the effects of increased C0 2 rather than of decreased transpira- 
tion. — W. E. Loomis, Iowa State College. 
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NOTES 

Fifth Annual Meeting. — The fifth annual meeting of the American 
Society of Plant Physiologists, held at New York on December 28, 29, and 
81, 1929, marks an important milestone in the development of the society. 
Although the attendance was reduced by the widespread influenza epidemic, 
and the meeting handicapped by the unexpected absence of both president 
and vice-president, temporary officers were chosen, and the sessions held as 
scheduled. The programs were interesting and valuable, as usual, and 
every one must have felt repaid for being present. The most encouraging 
feature of the meeting was the detailed report of the secretary-treasurer, 
Dr. H. R. Kraybill, who analyzed the gains in membership and financial 
support during the last year. The society continues to gain in numbers 
at a steady rate, and financial support has increased more rapidly than at 
any time since organization. The report of the condition of the finances 
makes it evident that Plant Physiology has not incurred a deficit since 
its first year; moreover, the unsold volumes now have a value considerably 
larger than the subsidy which was provided for the first year of publication. 
It is remarkable that a journal of the high standards of Plant Physiology 
could become self supporting within the first year of its existence, but the 
secretary’s report shows that this is the fact. Good fellowship marked all 
of the meetings, and was enjoyed by all. The facilities provided by Colum- 
bia University for the meetings were much appreciated. 

Life Membership Award. — The committee appointed to choose the 
third Charles Reid Barnes life member, of which Dr. W. M. AtwooP 
w r as chairman, selected Dr. Herman Augustus Spoehr, of the Coastal 
Laboratory of the Carnegie Institution, Carmel, California, for this honor. 
The selection is a very happy one. Dr. Spoehr has made very valuable 
contributions to our knowledge of plant physiology. Unlike many bio- 
chemists, he knows the living plants thoroughly. His work on carbohydrate 
metabolism, on respiration, and on photosynthesis, is outstanding work. 
Dr. Spoehr has been connected with the Carnegie Institution since 1910, 
and became assistant director of the Coastal Laboratory in 1926. His 
excellent summary of the process of photosynthesis published in 1926, is 
the best account in the English language. All members of the Society will 
feel that the Society has been honored by this award to Dr. Spoehr. He 
becomes the third link in the chain of life members who form a living 
memorial in honor of Dr. Charles Reid Barnes, first professor of plant 
physiology at the University of Chicago. 
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Stephen Hales Award. — It was expected that the first Stephen Hales 
Prize would be awarded tft the New York meeting. However, the committee 
having this matter in charge, found that it would be advisable to postpone 
its decision for a time, and announce the first award at the Des Moines 
meeting in 1929. While this decision may have been a disappointment to 
some, the delay has some valuable aspects. Certain matters of policy have 
not been clearly crystallized, and the development of a satisfactory certifi- 
cate has presented some complications. The additional time will make it 
possible to meet every problem connected with the award in a satisfactory 
manner. 

Forest Tree Seeds. — Notes have appeared in past numbers of Plant 
Physiology regarding sources of seeds for investigational purposes. In 
this connection, Conyers B. Fleu, Jr., of Germantown, Philadelphia, Pa., 
has been mentioned, and Otto Katzenstein and Co., of Atlanta, Ga. There 
are also other sources of seeds of guaranteed origin and quality. The 
Associated Foresters, Ltd., of Calgary, Canada, advertise seeds of known 
origin, and will supply along with the seeds, data as to site, stand, and 
climatic conditions under which they grew. The Brown Co., Berlin, New 
Hampshire, also advertise forest tree seed of certified origin. It is believed 
that any of these companies will exercise painstaking eare in furnishing 
seeds for research on the physiology of germination of forest tree seeds. 

The U. S. Forest Service has a mimeographed list of forest tree seed 
dealers, together with a list of the most important U. S. tree species, giving 
the average number of seeds to the pound, and the dealers who are in posi- 
tion to supply seed of each species. 

The Rev. J. Farnsworth Anderson, Glenn Hall, Leicester, England, 
advertises fresh seed of perennials from ail over the world. It is hoped 
that those needing seeds will find these addresses valuable. 

Research Laboratory at Minnesota. — A low temperature research labo- 
ratory has been completed at the Minnesota Agricultural Experiment 
Station for the Section of Plant Physiology. The new installation consists 
of four refrigerated rooms 9 x 10 x 11 feet, a control laboratory, engine 
room with 15 horse power compressor, and two controlled greenhouses, with 
potting sheds. Additional greenhouse space is available also, for coopera- 
tion with the Division of Agronomy and Plant Breeding on the winter 
resistance of field crops, and with the Section of Plant Pathology on 
pathological physiology. 

The refrigeration is by automatic machines of the Lipman type. The 
rooms are insulated with 12-14 inches of sheet cork. Temperature fluc- 
tuations in these chambers is db 2° C. with the Absolute Contactor Corpora- 
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tion regulator, d= 0.5° C. when the Harvey type thermoregulator is used 
Temperatures and humidities are recorded by resistance thermometers and 
a recorder of the Leeds & Northrup Co. A recording potentiometer for use 
with photoelectric cells is available for light records. 

Fermentation. — Schoen, of the Institut Pasteur, has published a mono- 
graph on alcoholic fermentation which has just been issued in English 
translation. It is an unusually lucid and readable account, and summarizes 
admirably the present status of our knowledge. Especially commendable 
is the chapter on the role of H + in oxidation processes, which gives the 
clearest discussion of the nature of oxidation in living cells, which the 
reviewer has seen anywhere. It is published by Chapman and Hall, of 
London, translated by Hind, and entitled The Problem of Fermentation. 
The price is 21 shillings. 

Colloid Chemistry. — The second volume of Colloid Chemistry, theoret- 
ical and applied, collected and edited by Jerome Alexander, has appeared 
from the press of the Chemical Catalog Co., New York. This volume, 
devoted to Biology and Medicine, contains 57 papers by men of recognized 
authority in their respective fields, and is a splendid contribution to a fuller 
understanding of the significance of the colloidal state in living organisms. 
A few titles will suffice to indicate the unusual nature of this book. There 
is a discussion of Colloids and X-rays, by Sir William Bragg; Proteins as 
Colloids, by Wolfgang Pauli; Inorganic Ferments, by G. Bredig; The 
Adsorption of Enzymes, by Richard Willstatter; Bacteriophage, a Living 
Colloidal Micelle, by F. d'Herelle; Colloidal State and Physiological 
Function, by Rudolph Hober ; The Arrangement and Action of the Colloids 
of the Plant Cell, by D. T. MacDougal; The Physical Basis of Life, by 
Edmund B. Wilson. An appendix contains the Pasteur Lecture delivered 
in Chicago by Jacques Loeb on November 24, 1922, in lieu of a paper 
which Loeb was to have contributed to the volume. 

The book is one that every physiologist must read if he is to keep abreast 
of modern thought on the processes of living. It is a large volume, over 
1,000 pages, and costs $15.50 ; but one could easily spend more and get less 
in value, as books are now selling. All libraries of biological institutions 
will find it a necessity. 

Numerical Data of Biology. — Attention is called to the publication of 
several chapters from vol. VI, 1923-1924, of the Tables Annuelles de Con- 
stantes et Donnees Numerique under the title DonnSes NumSrique de 
Biologie et de Physiologie et Chimie Vegetales, by E. F. Terroine and 
H. Colin. The tables include bulk chemical compositions of plants ; chem- 
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ical composition of special organs and tissues ; content of inorganic, organic 
and organometallic substances in plants; physical-chemical constants of 
plant juices; data on gaseous exchanges; and enzyme reactions. It cornea 
in quarto size, 88 pages, from Gauthier-Villars et Cie., 55 Quai des Grands- 
Augustins, Paris (VI) . Bound, the price is 60 francs, 44 francs in brochure 
form. 

Colloid Chemistry of Starch. — The second volume of the Handbhch der 
Kolloidwissenschaft, edited by W. OstwaiaD, is a monograph on starch, 
Kolloidchemie der Starke, by M. Samec. It contains 16 chapters, dealing 
with the general characteristics of starch, molecular structure, construction 
of starch grains, physical characteristics of starch grains, adsorbent proper- 
ties, paste formation, solution, properties of solutions of starch, protective 
colloidal action, adsorption of starch by other substances, changes in starch 
solutions, precipitation of starch, alkali starch, formaldehyde starch, starch 
esters, and dextrine. The book brings together in excellent fashion the 
whole field of starch behavior, laying more emphasis upon the experimental 
results than upon changing theories of starch constitution. It is published 
by Theodor Steinkopff, Dresden and Leipzig. In brochure form it costs 
EM 30, and EM 32, cloth bound. 

The Alkaloids. — The first part of the second edition of Winterstein- 
Trier’s Die Alkaloide, was published by Gebriider Borntraeger, Berlin, in 
1927. This first part contains 356 pages, and presents the alkaloids whose 
constitution is fairly well known. The aliphatic nitrogen bases, aromatics, 
acid amides, urea derivatives, and the heterocyclic bases of the pyrrol- 
pyridine group occupy this volume. It is replete with interest to those 
investigating the nitrogenous metabolism of plants. In general the natural 
plant bases receive too little attention from physiologists. The price of this 
volume is EM 18. 

Colloid Chemistry of Protoplasm. — The first volume of a new series of 
monographs, Protoplasma-Monographien, is a book by L. V. HeiiaBrunn 
on the Colloid Chemistry of Protoplasm. It is written in English, although 
published by Gebriider Borntraeger, Berlin. Several introductory chapters 
deal with the morphology and chemistry of protoplasm, and methods of 
study. Then the problems of viscosity, elasticity, temperature and other 
effects, salt action and electric charges are considered. Other chapters 
discuss the action of acids and bases, fat solvents, surface precipitation 
reactions, a specific colloid chemical reaction peculiar to living organisms, 
and cell division and protoplasmic activity. The book contains 356 pages, 
and is a fine contribution to the literature of protoplasm. In paper cover, 
EM 19, bound in cloth, EM 21. 
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A STUDY OF THE RELATIONS BETWEEN CHLOROPLAST 
PIGMENTS AND DRY WEIGHTS OF TOPS IN 
DENT CORN 1 

H. B. Sprague and J . W. Shive 

The dearth of information regarding the exact relation between the 
concentration of the ehloroplast pigments (chlorophyll a and 3> carotin, 
and xanthophyll) in higher plants, and growth rates, and between the 
total quantity of these pigments and the total amount of growth made 
(10) (12), was the stimulus which started the work here reported. Three 
series of experiments were conducted, to determine as carefully as possible 
the amounts of ehloroplast pigments present in certain leaves at periodic 
intervals, as well as leaf areas and dry weights of the plant tops. Dent 
corn ( Zea mays L.) was selected for the tests, because of its great economic 
importance and the availability of practically homozygous seed. 

Experimental methods 

Three series of plants were grown, series 1 and 2 in the greenhouse 
in the springs of 1925 and 1926, and series 3 in the field during the summer 
of 1925. Nebraska 10 and Nebraska 12, two lines of corn that had been 
self fertilized for 17 generations, were used in all experiments. Schmidt's 
White Cap, a local open-pollinated strain was included in series 1. The 
F l cross between the selfed lines Nebraska 12 and Nebraska 10, was used 
in series 2, and the F x cross of Nebraska 12 and Nebraska 659 in series 3. 
The use of selfed lines and of first generation crosses avoided much of the 
random variation among individual plants that would have been present 
had ordinary varieties been selected. At the same time, it provided for 
constant genetic differences between the plants of the different strains. 
•All of the strains chosen appeared normal for color. 

The seeds planted were carefully selected for uniformity. Those of the 
selfed lines and the crosses planted in series 1 and 2 weighed between 0.185 
and 0.195 grams, and those of Schmidt 's White Cap averaged 0.295 grams. 

1 Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Plant Physiology. 
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The seeds planted in series 3 were selected for uniformity of size but 
were not weighed. 

Series 1 and 2 

The plants in series 1 and 2 were grown in percolators, as described 
by Allison (1), each filled with 3,328 grams of pure washed quartz sand. 
The seeds were germinated in sphagnum moss and six seedlings were trans- 
planted to each percolator when the plumules were 2 cm. long in series 1, 
and 3 to 4 cm. long in series 2. Culture solution was supplied by the con- 
stant drip method (9). Beginning 30 days after transplanting in series 1, 
and 12 days after transplanting in series 2, distilled water was added once 
daily to the surface of the sand in each percolator just before renewing the 
solution in the constant drip reservoirs. This largely prevented concentra- 
tion of the nutrient solution in the sand through water loss by absorption 
and evaporation. Enough water was added to cause free dripping from 
the bottoms of the percolators. 

The plants in series 1 were supplied with Skive’s nutrient solution 
R 5 G 2 (1.75 atm.) at the rate of 1 liter per percolator per day. For series 
2, Tottingham’s ( 13 ) solution T^Cg as modified by Jones and Skive ( 3 ) 
was used at the same rate. Iron was added to the nutrient solution daily 
in the form of soluble ferric phosphate. The amount used was varied as 
needed to maintain a normal green color. For series 1, a total of 446 
mg. of iron was added to each culture of Nebraska 12 and Schmidt’s 
White Cap, and 334 mg. to Nebraska 10 during the growth period of 52 
days. For series 2, a total of 101.7 mg. of iron was added to each culture 
of Nebraska 12 and the F 1 (Nebraska 12 x Nebraska 659) while 76.3 mg. 
were added to Nebraska 10 cultures, during the period of 45 days. 

Series 3 

Series 3 was planted in a well prepared seed bed on May 20. The soil 
was Sassafras silt loam, to which 400 lbs. of a commercial fertilizer having 
an analysis of 2 per cent. NH 3 , 12 per cent. P 2 0 5 and 2 per cent. K 2 0 was 
broadcast before planting. The crop was tilled in the ordinary manner ex- 
cept that care was taken to prevent injury to any seedlings and to prevent 
weed growth. 

Sampling 

The plants in each series were considered up when the first leaves began 
to unfold. The ages given in subsequent tables are on the basis of dates 
when plants came up. Plants were harvested periodically using 12^plants 
of Nebraska 12 and Nebraska 10, and 2-8 plants of Schmidt’s White Cap 
at each harvest in series 1 ; and 6 plants per strain per harvest in series 
2 and 3. 
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Leaf areas (leaf expanses) were obtained by means of blueprints and a 
planimeter for the first three harvests of series 1. All other leaf areas were 
determined by the formula ( 4 ) : 

leaf area =0.75 (total length x width at widest place) 

Only the green portions of the blades were used in determining areas. 

* One leaf from each plant was selected for analysis of chloroplast pig- 
ments; namely, the uppermost one which had attained its maximum size 
and a normal color. The dry weight of each leaf used for pigment analysis 
■was calculated by assuming that the ratio of area to weight was the same 
for this leaf as for the rest of the leaves on the plant. Although the upper- 
most fully developed leaves may not have been absolutely representative 
of all the leaves on that plant, they should have been comparable for 
all strains at each harvest since the same method of selection was used 
throughout. 

Determination of chloroplast pigments 

The fresh green leaves selected for pigment analyses were thoroughly 
triturated w T ith sand to permit quantitative extraction. The method used 
in extraction and separation of the various pigments was that of Will- 
statter ( 14 ) as modified by Schertz (7). The chlorophylls, a and (3, 
were obtained together as an aqueous solution of the chlorophyllins, which 
appeared green by transmitted light. In this work, it was found convenient 
to use petrol ether instead of the diethyl ether recommended by Schertz as 
a solvent for the carotinoids; the quantities of these pigments, therefore, 
were determined from petrol ether solutions. 

The amount of each pigment was measured color imetrically by com- 
paring a solution of the pigment with an artificial color standard in a 
Duboscq colorimeter. The color standard for chlorophyll was prepared by 
adding 0.3 cc. of a 0.5 per cent, aqueous solution of malachite green and 
11.2 cc. of a 0.5 per cent, aqueous solution of naphthol yellow to distilled 
water, and making up to 5,500 cc. volume. The carotin color standard w r as 
made by adding 3.4 cc. of a 0.5 per cent, aqueous solution of naphthol 
yellow and 0.5 cc. of a 0.5 per cent, aqueous solution of orange G. crystals 
to 1 liter of distilled water. The xanthophyll color standard was prepared 
by adding 3.8 cc. of the 0.5 per cent, aqueous solution of naphthol yellow 
to 1 liter of distilled water. 

The 0.5 per cent, aqueous stock solutions of malachite green, naphthol 
yellow, and orange G. will keep for a long time in tightly stoppered bottles 
in the dark (table I). The color standards, however, should be freshly 
prepared from the stocks every one or two weeks to eliminate any danger 
of fading of colors. Stock solutions of the dyes should be discarded when- 
ever a sediment appears. 
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TABLE I 

The stability of the 0.5" per cent, stock solutions of dyes used in making color 

STANDARDS FOR CHLOROPLAST PIGMENTS 1 


Dyes 

Freshly 

MADE 

6 MONTHS 
OLD 

8 MONTHS 
OLD 

10 MONTHS 
OLD 

20 MONTHS 
OLD 

Naphthol yellows 
(Martius yellow) 
Schultz No. 6 

per cent . 

100.0 

per cent . 

100.0 

per cent . 

100.0 

per cent, 

98.0 

per cent . 

100.0 

Orange G. Crystals 3 .. 

100.0 

64.5* 

66.7* 

100.0 

100.0 

Malachite Green2 
Schultz No. 495 

100.0 

100.0 

100.0 

1 

100.0 

100.0 


1 The stock solutions were diluted until readings could be made accurately with the 

Duboseq colorimeter. 

2 Purchased from the National Aniline and Chemical Co., Inc., New York. 

3 Purchased from Arthur Thomas Co., Philadelphia. 

* Heavy sediment found in solutions. 

Each color standard was evaluated in terms of milligrams of the pig- 
ment with which it was used. Dr. F. M. Schertz, of the U. S. Department 
of Agriculture kindly provided a sufficient quantity of pure crystalline 
chlorophyll (a plus (3) to evaluate the chlorophyll standard. Five hundred 
milligrams of chlorophyll were dissolved in acetone, transferred to petrol 
ether, saponified with methyl alcoholic potash in the usual way, separated 
from the ether solution, and made up to volume with water. This solution 
was then compared with the artificial chlorophyll color standard in the 
colorimeter. It was found that 10.708 milligrams of chlorophyll converted 
to chlorophyllins and made up to 1 liter matched the tint and depth of 
color of the artificial standard. 

Evaluation of the carotin and xanthophyll standards was accomplished 
by extracting and purifying these pigments, and making readings with 
the colorimeter of the pigments in solution against their respective color 
standards. The concentration of pure pigment in each solution was deter- 
mined from aliquot parts of the same solution by means of a Konig-Martens 
spectrophotometer at the Bureau of Standards at Washington, D. C. This 
was accomplished through the courtesy of Dr. D. S. Gibson of that Bureau 
and of Dr. F. M. Schertz of the U. S. Department of Agriculture. This 
quantitative method of measuring the carotinoid pigments has been worked 
out by Schertz (5, 6). It was found that 1.890 milligrams of carotin per 
liter of solution were required to match the tint and depth of color of the 
carotin color standard, whereas 1.537 milligrams of xanthophyll per liter 
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of solution were required to match the tint and depth of color of the 
xanthopbyll standard. 

Willstatter and Stoll (14, 15) prepared color standards for chloro- 
phyll by making chlorophyllin solutions from known quantities of pure 
chlorophyll ; and for the carotinoids by making up solutions of known con- 
centrations of the pigment in question, or by making up solutions of potas- 
sium dichromate corresponding in color to solutions of a known concentra- 
tion of the pigment to be measured. The color standards described above 
proved more satisfactory than Willstatter ’s since they were easily pre- 
pared; also the colors were more stable, and were identical with those of 
solutions of the pigments to be measured. Since pure chlorophyll, carotin, 
and xanthophyll are difficult to prepare and may not be purchased in the 
open market, the artificial standards are quite useful when once prepared. 
The colorimetric method of measuring pigments is satisfactory only if con- 
sistent readings may be obtained. When stable color standards, which 
accurately match the colors of the solutions to be measured, are used, the 
colorimetric method is nearly as satisfactory as the spectrophotometric 
method and is much more readily available. Different lots of the dyes used 
in preparing the artificial color standards may vary in purity and color, 
which makes it necessary to evaluate each new lot as described above. How- 
ever, 10 grams of each dye should supply the needs of one worker for 
several years. 

After solutions of the pigments were separated from the green leaves 
for comparison w r ith the color standards, the volume was increased until 
accurate readings could be made on the colorimeter. Five readings were 
made for each determination and the results averaged. 

Experimental data 

Data on the leaf areas, dry weight of tops, and the dry weight of tops 
per 100 square cm. of leaf area for all 3 series are given in tables II, III, 
and 1Y. In each series, plants of Nebraska 10 had smaller leaf areas and 
dry weights than those of Nebraska 12, and plants of Nebraska 12 were in 
turn smaller and lighter than those of Schmidt’s White Cap or the ¥ t 
crosses. It will be noted, however, that averaged dry weight per 100 square 
cm. of leaf area was lowest for plants of Nebraska 12, and that the leaves 
of Nebraska 10 were about equal to those of Schmidt’s White Cap and the 
F x crosses in this respect. 

Table IV also brings out the interesting fact that the length of time 
which leaves remain green is an important factor in determining yield at 
maturity. Nebraska 10 had a smaller leaf area and dry weight than 
Nebraska 12 during the first 49 days of growth, but at 96 days it had an 
equal leaf area. The lower leaves of Nebraska 10 remained green much 
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1 12 plants were averaged in eaeh case to get data on Nebraska 10 and Nebraska 12. The number of plants of Schmidt’s White Cap 
used varied from 2 to 8; and they were 5 days younger throughout the series than indicated in Column 2. 



TABLE III 
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TABLE IV 

Leaf area and dry weights of tops of corn* grown in the field during the summer of 1925 (Series 3 ) 
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1 The Fj is a cross between Nebraska 12 ( $ ) and Nebraska 659 ( $ ) . 

2 Leaf areas taken on September 3. Plants actually harvested September 15. 



TABLE V 

Bates 1 of growth and atmospheric conditions for corn grown in the greenhouse, 1925 , in sand cui/tures (Series 1 ) 
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1 The F» is a cross between Nebraska 12 ( 9 ) and Nebraska 10 (£). 



TABLE VII 

Bates op growth and atmospheric conditions for corn* grown in the field, 1925 (Series 3 ) 
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longer than those of Nebraska 12 or the as the plants approached 
maturity, which may account in part for the greater final yield of tops and 
grain from Nebraska 10 than from Nebraska 12. In all 3 series, the 
differences in dry weights of the strains were more marked than the differ- 
ences in leaf areas, thus indicating that the leaves of the different strains 
were probably functioning with different degrees of efficiency in the as- 
similation of carbon. 

Growth rates 

Data on the rates of growth and the atmospheric conditions for the 
3 series are given in tables V, VI, and VII. The daily rates of increase 
in leaf area and in dry weight of tops were calculated according to Black- 
man ’s formula (2). In general, the daily rates of increase in leaf area 
varied in the same direction as daily rates of increase in dry weight of tops 
but the rates were not proportional nor equal. 

In series 1, there w r as a steady decline in growth rates with the age of 
the plant in all three strains, which is in accord with the findings of other 
workers studying growth rates. In series 2 and 3, the general decline in 
growth rates, although apparent, was by no means steady, particularly for 
dry weight of tops. In series 2, the most notable deviation in daily rates 
of increase in dry weight of tops was for the period April 25-30 w r hen the 
rates of all strains were higher than for the preceding period. Since this 
deviation was accompanied by a marked increase in relative humidity of the 
air, the change in humidity may be taken as the cause. 

The daily rates of increase in dry weights of tops for series 3, were ab- 
normally low during the periods June 14-20, and June 28-July 4. The 
depression in the first period may be attributed to the absence of rain from 
May 30 to June 16. During the latter part of the period soil moisture had 
been so depleted by evaporation and transpiration that it constituted a lim- 
iting factor in growth. Light rains coming between June 16 and 25 caused 
an increase in growth, but the precipitation was not sufficient to maintain 
growth rates in the June 28-July 4 period. After July 1, rainfall was 
adequate for normal growth. 

It may be noted in each series that growth rates, as measured by in- 
crease in dry weight of tops, were not paralleled by corresponding increases 
in leaf area. The conditions which caused changes in the growth rates 
based on dry weight, apparently operated by modifying the efficiency with 
which a given area of leaf functioned, as well as by changing the total leaf 
area. 

Moreover, the efficiency with which the leaves of the various strains 
functioned was apparently not equal. In general, the rates of increase of 
leaf area were greater for Nebraska 10 than for Nebraska 12, but the rates 
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TABLE VIII 

PWMENT FORMATION IN CORN GROWN IN SAND CULTURES IN THE GREENHOUSE, 1925, WITH RELATION TO THE AREA AND DRY WEIGHT OP THE LEAVES ( SERIES 1) 





w 

PQ 

< 

EH 



1 The P t is a cross between Nebraska 12 ( 9 ) and Nebraska 10 ( $ ). 

2 Relative values are calculated using Nebraska 10 at 10 days as 100. 



TABLE X 

Pigment formation in corn grown in tue field, 1925, with relation to the area and dry weight of the leaves (Series 3). 



1 The P t is a cross between Nebraska 12(9) and Nebraska 659 ( $ ) . 

2 Relative values are calculated using Nebraska 10 at 28 days as 100. 
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of increase in dry weight averaged higher for Nebraska 12 than Nebraska 
10. Also/ the average rates of increase in dry weight of the F a crosses 
were higher than those of Nebraska 10 in series 2 and 3, although the 
average rates of increase in leaf area were about the same. 

Chloroplast pigment content per unit of leaf 

Data on the pigment content of each strain per unit of leaf area, and 
of leaf weight, at successive harvests of the 3 series are given in tables VIII, 
IX, and X. It has been noted that the leaves of the various strains ap- 
parently functioned with varying efficiencies which could not be explained 
on the basis of differences in leaf area. Since chlorophyll is known to be a 
primary agent in the synthesis of plant food, it is possible that the variation 
in concentration of this pigment is a contributing factor in the rate of 
carbon assimilation, and therefore in growth. The chloroplast pigment con- 
centrations have been expressed both on the basis of unit of leaf area, and 
of unit of dry weight, because the two criteria give quite different values. 

In series 1, on the basis of milligrams of pigment per 100 square cm. of 
leaf, there was no distinct trend noted in chlorophyll concentration at suc- 
cessive harvests; also, the relation between these concentrations and the 
growth rates of a single strain was not consistent. On the basis of chloro- 
phyll concentration per gram of leaf, the highest values for each strain were 
found in the earlier harvest, with later harvests showing declining values. 
These declining values were associated with increases in weight of leaf per 
unit of area at successive harvests. The inverse relation between chloro- 
phyll content per gram of leaf and age of the plant was also observed in 
series 3. Since there was no decline noted in chlorophyll concentration 
per unit of leaf area, it seems clear that this pigment was much more closely 
correlated with the area of leaves than with their dry weight. Unlike the 
other series, the plants of series 2 showed no consistent decline in chloro- 
phyll per gram of leaf at the successive harvests. This discrepancy is un- 
intelligible at this time because too little is known about the effects of en- 
vironmental conditions on pigment formation. 

There was only one period, occurring in series 3, when there seemed to 
be a close correlation between growth rates arid the chlorophyll concentra- 
tions of all strains. The concentrations of the pigment on either the dry 
weight or leaf area basis, were somewhat higher at the beginning of the 
period July &-11 than for the preceding one. This increase in pigment 
concentration was accompanied by an improvement in the supply of soil 
moisture and appears to have been caused by it. 

In series 1, it may be noted that correlation between concentrations of 
chlorophyll and increase in dry weight of the various strains was fairly good. 
Nebraska 12 had the lowest concentration per unit of area and the lowest 
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growth rate. Nebraska 10 was intermediate in concentration of chlorophyll 
and in growth, while Schmidt’s White Cap has the highest average values 
for both characters. 

The data from series 2 are of the most value in showing the relation 
between chlorophyll concentration of the strains and the rates of increase 
in dry weight of their tops, because the environmental conditions were more 
nearly uniform throughout the entire period than for the other two series. 
Nebraska 10, which had the lowest average rate of growth, showed the 
lowest values of chlorophyll per unit of leaf area and per unit of dry 
weight in five out of six harvests. Nebraska 12 which was intermediate in 
the average increase in dry weight of tops, had intermediate values of 
chlorophyll per unit of leaf area four times out of six, and on the basis of 
unit leaf weight showed intermediate values twice, the highest values three 
times, and the lowest once. The F t plants of this series which had the 
highest average rate of increase in dry weight of tops also had the highest 
concentration of chlorophyll per unit of area five times out of six, and had 
the highest values per gram of leaf three times, intermediate values twice, 
and lowest value once. 

The chlorophyll concentrations per unit area of leaf in series 3 were 
somewhat erratic for the first three harvests, probably because of high 
temperatures and lack of rainfall. With these harvests eliminated, the last 
four harvests showed a fairly close relation between chlorophyll content 
of the various strains and the average rates of increase in dry w T eight of 
tops. Nebraska 10, with the lowest average growth rate, had the lowest set 
of concentration values for chlorophyll, Nebraska 12 showed intermediate 
values in both rate of growth and chlorophyll concentration, and the F t had 
the highest values for both characters. 

A significant feature of the chlorophyll concentrations per unit of leaf 
area was the relatively high values observed in all three strains of series 3, 
as compared with the first two series. The explanation may lie in the light 
relations of the three series. The plants of series 3 were grown during a 
season when the days were longer and the light more intense than those of 
series 1 and 2. Also, being grown in the field, no portion of the spectrum 
was excluded or diminished in intensity by glass. Unfortunately no exact 
measures of light conditions were made in connection with these experi- 
ments. 

When the concentrations of carotin and chlorophyll are compared for 
all three series, it becomes apparent that there was a fairly close correla- 
tion between the concentrations of the two pigments. The correlations 
were somewhat higher on the basis of unit dry weight than on the basis of 
unit leaf area. Apparently, conditions which affect the concentration of 
one pigment also affect that of the other in like manner. The most notable 
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exception to this condition occurred at the first two harvests of series 3, 
Carotin values were very high, especially on the dry weight basis, and 
their abnormal values were not accompanied by similar values of phloro- 
phyll. These periods were characterized by unusually high temperatures 
and lack of rainfall. The different strains did not behave alike under 
these conditions ; Nebraska 10 had a much higher concentration of carotin 
than Nebraska 12, while the F x values were apparently quite normal. 
These variations did not seem to be significantly related to the growth rates 
for the periods following the analyses. 

With the exception of series 1, the relation between rates of increase 
in dry weight of tops and concentrations of carotin was even closer than the 
relation between the growth rates and chlorophyll concentration of the 
various strains. In series 1, Nebraska 10 averaged lower concentrations 
of carotin on both the dry weight and leaf area bases than did Nebraska 12 
but had slightly higher average growth rates. The concentrations of carotin 
in Schmidt ; s White Cap were greater than those of either Nebraska 10 or 
Nebraska 12 and these were accompanied by higher growth rates. 

In series 2, the correlation between concentrations of carotin per unit of 
leaf area and the rates of growth of the various strains was very good. 
Nebraska 10 had the lowest set of concentrations and the lowest average 
growth rate, Nebraska 12 gave intermediate values and the F x the highest 
values. On the basis of carotin concentration per gram of leaf, Nebraska 
10 again had the lowest average values for both pigment concentration and 
growth rate, but Nebraska 12 had a higher pigment concentration than the 
F x and a lower average rate of growth. 

Disregarding the few abnormal data of the first harvests of series 3, 
there was a very good correlation between the average carotin concentration 
of the three strains and their average growth rates. The relation was 
slightly closer on the basis of unit leaf area than on the basis of unit dry 
weight; but Nebraska 10 had the lowest average concentrations of carotin 
and also the lowest average calculated on either basis; Nebraska 12 gave 
intermediate concentrations, and the F x gave highest. 

The concentrations of xanthophyll fluctuated so widely in these series 
that it is difficult to detect any distinct trends or relationships. The con- 
centrations of xanthophyll in plants of Nebraska 10 were not consistently 
higher or lower than those of the Nebraska 12 plants on either the basis of 
unit leaf area or of unit dry weight. Xanthophyll concentrations resembled 
carotin concentrations only during the first two harvests of series 3 when 
high concentrations of both pigments occurred in conjunction with high 
temperatures and a scanty moisture supply. 

Neither carotin nor xanthophyll exhibited any decline in concentration 
per gram of leaf with successive harvests, such as was observed with chloro- 
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phyll. On the basis of unit leaf areas, there was a slight increase in con- 
centrations of carptin with successive harvests in all three series, provided 
the first two harvests of series 3 are disregarded. These data indicate that 
the formation of the carotinoids was closely related to the weight of the 
leaves, whereas the formation of chlorophyll was closely related to their 
surface area. Evidently carotin and xanthophyll have somewhat similar 
modes of formation and perhaps have similar physiological functions. 

Total chloroplast pigment content and yields op dry matter 

The total chloroplast pigment content in the leaf blades of a plant is 
dependent upon the concentration of pigment per unit of area and the total 
area of the leaves. If the chloroplast pigments are primary agents in the 
synthesis of organic compounds in the plant, there should be a fairly close 
correlation between the total amount of these pigments present and the 
total dry weight produced. The data presented above indicate only the 
quantities of chloroplast pigments found in the leaf blades, ignoring that 
small fraction which was present in the leaf sheaths and stems; and the 
data on dry weights do not include roots. If correlations between quan- 
tities of chloroplast pigments in leaf blades and dry weight of tops are 
high, similar correlations may reasonably be expected between the total 
amount of such pigments in the whole plant and total dry weight, providing 
the ratios of tops to roots are similar for all strains. The total quantity 
of chloroplast pigments found in the leaf blades of the strains in these 
experiments is given in tables XI, XII, and XIII. 

There was a well-defined correlation between the total chlorophyll 
content of the various strains and their respective dry weight of tops. 
(Compare tables II, III and IV with tables XI, XII and XIII.) Nebraska 
10 had the smallest quantity of chlorophyll per plant at every harvest of 
series 2 and 3, and also had the smallest dry weight of tops at all times. 
Nebraska 12 had larger quantities of chlorophyll and greater dry weights 
of tops than Nebraska 10 for every harvest in series 2 and 3, but less than 
Schmidt’s White Cap in series 1 and the crosses in series 2 and 3. 

The correlation between the total carotin content of leaves of the various 
strains and their total dry weight of tops was nearly as close as that noted 
for chlorophyll, with the exception of the first two harvests of series 3. In 
series 2 and 3, Nebraska 10 had the lowest carotin content and the lowest 
dry weight of tops,* and Nebraska 12 had higher values for both characters 
than Nebraska 10, but lower values than the crosses. 

Total xanthophyll values were also closely correlated with dry weight 
of tops, but not as closely as carotin values. In addition to the unusual 
values obtained in the first two harvests of series 3, the values for the first 
and third harvests of series 1 and the third harvest of series 2 did not show’ 
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the same differences between strains as their dry weights. With these 
exceptions, Nebraska 10 was lowest in total xanthophyll and dry weight of 
tops, and Nebraska 12 was higher than Nebraska 10 but lower than 
Schmidt’s White Cap and the f\ crosses. 

It is important also to determine the degree of relationship between the 
quantity of each chloroplast pigment and dry weight of tops. The data are 
too few to permit the calculation of reliable coefficients of correlation but 
the relation may be expressed in another fashion. Series 2 is most satis- 
factory for a study of this sort, since the environmental conditions were 
more uniform throughout the entire experimental period than for the other 
series. The relation has been expressed in table XIV in terms of ratios 
between grams of dry matter and grams of pigment. 

The average ratios between dry weight and chlorophyll content were 
very similar for all three strains of corn. A rise or fall in the ratio of one 
strain at any harvest was usually accompanied by a similar rise or fall in 
the other strains. The fluctuations in ratios for the various harvests 
signify that total chlorophyll content was not the only causal factor 
involved in growth, but the relatively small size of the fluctuations indicates 
that it was a very important factor. 

The average ratios between dry weight and carotin content were similar 
for all three strains of corn, but displayed greater differences than those 
noted for chlorophyll. The differences between ratios of the strains at 
various harvests were much more marked than those for chlorophyll. In 
general, however, there was a distinct tendency for fluctuations of all three 
strains to move in the same direction* 

The average ratios (and those for each harvest) between dry weight 
and xanthophyll content were even less consistent than those noted for 
carotin. Tn only two of the six harvests did the ratios of all three strains 
fluctuate in the same direction. 

It seems clear from these data that a close relation existed between 
total chlorophyll content and dry weight of tops for all three strains of 
corn, at the various stages of growth considered. It may be assumed that 
the relation was a causal one since chlorophyll is known to be essential in 
photosynthesis. The physiological functions of carotin and xanthophyll 
are not known, and the correlations between quantities of these pigments 
and dry weights in this series of plants have not demonstrated their essen- 
tiality in growth. The data in table XIV indicate that the closest correla- 
tion existed between dry weight and chlorophyll, the next in order between 
dry weight and carotin, and the lowest correlations between dry weight 
and xanthophyll. 

Discussion and conclusions 

Although the question of the relations between chloroplast pigments, 
leaf area, and dry weight has not been definitely defined by the data here 
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presented, certain points seem fairly clear. As a whole there is a much 
higher correlation between chlorophyll content and leaf area than between 
chlorophyll content and dry weight of leaves. On the other hand, data 
from series 2 and 3 indicate that carotin and xanthophyil are somewhat 
more closely related to leaf weight than to leaf area. 

Chlorophyll concentrations per unit of area, or of dry weight, were 
not closely paralleled by rates of increase in dry weight of tops from period 
to period for a single strain, but chlorophyll concentrations of the various 
strains were rather closely correlated with their respective rates of increase 
in dry weight. Thus, the strain which had the lowest set of chlorophyll 
values per unit of leaf area, also had the lowest average rate of increase in 
dry matter, and vice versa. Likewise, the correlations between carotin 
concentrations and rates of increase in dry matter were fairly close, but 
the xanthophyil readings were so variable that no definite relation could 
be observed. These conclusions rest on the assumption that the leaves 
selected for pigment extraction were representative of all of the leaves on 
the plant with respect to pigment formation, leaf area and dry weight. 
Since comparable leaves from each plant of every strain of corn were har- 
vested for each set of determinations, it seems reasonable to suppose that 
no great error has been introduced. 

It has been suggested by some investigators that chlorophyll is being 
constantly synthesized and broken down in the leaf. If this is the case, 
the amount present at any one time in the leaf represents the result of an 
equilibrium between the synthetic and destructive processes. On this basis 
it is obvious that the chlorophyll content of a leaf or of a plant at any 
given instant may not be representative of that present at any other time 
during a weekly period. With constant fluctuations in quantity of chloro- 
phyll as a result of environmental or cultural conditions, there is consid- 
erable chance of obtaining values for the pigment which do not represent 
average conditions and this may partly account for the failure to obtain 
perfect correlations between chlorophyll concentration and rates of increase 
in dry weight. The same observation applies also to measurements of 
carotin and xanthophyil. The data presented have not revealed how envi- 
ronmental or cultural conditions affect the chloroplast pigment content of 
a plant at any given time. 

Internal factors not directly associated with pigment content are undoubt- 
edly contributing factors in dry weight production. With adequate 
amounts of chlorophyll and carotinoids present, there still may be distinctly 
different rates of growth in different strains due to the effect of these 
undetermined internal factors. 

Another significant point noted in these experiments was the close 
correlation between total chloroplast pigment content of the leaves of the 
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Yarious strains and their respective dry weights. With but two exceptions, 
occurring in series # 1, the strain having the highest chlorophyll content at 
any stage of development also had the highest dry weight of tops, and 
vice versa. The correlation was particularly clear in series 2 grown under 
uniform environmental conditions as far as this was possible. Since chloro- 
phyll has been shown to be essential for photosynthesis, and since these data 
show a high correlation between total chlorophyll content and dry weight, 
the logical conclusion is that superiority in dry weight of the plants of one 
strain over those of another strain similarly treated was largely due to 
superiority in chlorophyll content. Undoubtedly other factors are involved 
since the ratio between grams of dry matter and grams of chlorophyll was 
not absolutely constant ; but these factors must have been of minor value, 
or the average ratios of the three strains of corn would not have been so 
nearly alike. 

Since none of these strains could be classed as chlorophyll deficient by 
observation, it seems likely that chlorophyll tests may become of consid- 
erable value in the improvement of corn. If the more vigorous strains may 
be selected on this basis plus the visual evidences of vigor, a portion of the 
tedious hybridizing and progeny testing which is now necessary for selec- 
tion of desirable strains may be eliminated. 

Although a fairly close correlation appears to exist between dry weight 
and total quantities of carotin and xanthophyll, it is not safe to assume 
that the relation is causal because these pigments have not been shown to 
be essential for synthesis of organic matter. Their occurrence in amounts 
rather uniformly proportional to chlorophyll in series 2 suggests a similar 
relation to dry weight but the wide fluctuations which occurred under field 
conditions also suggest that the carotinoids may play a different role in 
the life processes of the plant from that usually attributed to chlorophyll. 

Summary 

Data on leaf area, dry weight of tops and chloroplast pigment content 
were obtained from three series of corn plants. Two of the series were 
grown in the greenhouse, using sand cultures with culture solutions added 
by the constant drip method. The other series was grown in the field. 
Three strains of corn were grown in each experiment and two of these 
strains were used in all three series, namely, Nebraska 10 and Nebraska 12, 
which have been self-pollinated for 17 generations. The other strain used 
was either a commercial variety or an F 1 cross of two selfed strains. 
Weekly harvests and determinations of dry weight of tops, leaf area 
(expanse), and chloroplast pigment content were made. Growth rates 
were calculated for both dry weight of tops and leaf area, and data on 
atmospheric conditions for the same periods were obtained. The pigments 
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were extracted from comparable leaves of the different plants, separated, 
purified, and made up to a definite volume for colorimetric determinations 
in a Duboscq colorimeter. Artificial color standards were used in measur- 
ing the various pigments, each color standard having been evaluated in 
terms of milligrams of the pigment to be measured. 

1. Rates of increase of leaf area and of dry weight of tops both declined 
normally as the plant aged, but they were not always closely correlated. 

2. The strain or variety having the smallest leaf area during the period 
of an experiment also produced the lowest dry weight of top, and vice verm . 

3. Chloroplast pigment measurements failed to show a proportional 
relation to the measured growth rates of a given strain, no matter whether 
expressed on the basis of pigment per 100 sq. cm. of leaf area or per gram 
of leaf (dry weight). 

4. The strain which showed high chlorophyll and carotin concentrations 
per unit of leaf area also had high average rates of increase in dry weight 
of tops, and vice versa. Xanthophyll values were variable and showed no 
definite relation to rates of growth. 

5. Chlorophyll was more closely correlated with leaf area than with dry 
weight of leaves. Carotin and xanthophyll, however, were not as closely 
correlated with leaf as with dry weight of leaves. 

6. The dry weights per unit of leaf area increased for all strains of 
corn at successive harvests. Nebraska 12 leaves had the lowest weight 
per 100 sq. cm. of leaf area in all three series, Nebraska 10 next lowest, and 
the commercial variety or Fj cross, the highest weight. 

7. In two of the three series of plants grown, the weight of chlorophyll 
per gram of leaf (dry weight) decreased as the leaves increased in weight 
per 100 sq. cm. of area. In the other series no clear relation could be 
observed in this respect. 

8. There was a close correlation between the total quantity of chloro- 
phyll contained in the leaves of the various strains of maize and their dry 
weight of tops at successive harvests. Correlations between total carotin 
content and dry weight, and between total xanthophyll content and dry 
weight were close enough to be significant but were not as exact as those 
noted between total chlorophyll content and dry weight. 

9. The average ratios between total chlorophyll and dry weight of tops 
were practically identical with all three strains of corn in series 2. Ratios 
between dry weight and carotin content of the same series were more 
variable than those noted between dry weight and chlorophyll but a certain 
constancy was apparent. Ratios between dry weight and xanthophyll are 
so variable that their significance is doubtful. 

Laboratory op Plant Physiology, 

New Jersey Agricultural Experiment Station. 
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THE TOXIC SUBSTANCE PRODUCED BY THE EYE-SPOT FUNGUS 
OF SUGAR CANE, HELMINTHOSPORIUM SACCHARI BUTLER 

Atherton Lee 
(with two figures) 

Introduction 

Eye spot is the name given to a leaf disease of sugar cane caused by the 
fungus Helminthosporium ( Cercospora ) sacchari Butler. 1 The disease is 
characterized by small spots on the leaves of most varieties, but on more 
susceptible varieties long streaks, several feet in length and sometimes 
5/16ths of an inch in width, may result from infection. When there are 
many infections per leaf on such susceptible varieties, whole leaves may 
die, and with an inadequate leaf supply the growing point of the cane 
frequently dies also; the whole cane stalk then may rot from secondary 
infections or in other ways be useless for milling. In case the environ- 
mental conditions are very favorable for the disease, from 20 to 80 per cent, 
of the stalks may be killed in this manner, resulting in severe financial loss. 

It has been carefully shown by Lee and Martin (3) and Martin and 
Lee ( 4 ) that nitrogen fertilizers greatly increase the severity of this disease. 
This increased severity was at first thought to result merely from more 
succulent, actively growing host tissues which resulted from the fertilizer 
applications, since it is usually found that eye spot is more severe on the 
young, new, actively growing leaves, while more slowly growing hardened 
leaves are not severely affected. However, as against this theory was the 
finding by Lee and Martin (3), that increased cane growth as a response 
to phosphoric acid, did not increase the severity of eye spot. 

The nature of the long streaks resulting from Helminthosporium infec- 
tion, although not a matter of apparent immediate commercial or economic 
importance, was a matter of curiosity to all concerned with the problems 
of eye-spot control. Larsen (2) had shown very conclusively, at the time 
of carrying through the rules of proof connecting this Helminthosporium 
( Cercospora ) with eye spot of sugar cane, that although the fungus could 
be isolated and re-isolated from the area within a centimeter or so of the 
point of infection, it could not be recovered from the long streaks which 
subsequently elongated from the point of infection. 

1 The identity of Helminthosporium sacchari Butler with Cercospora sacchari Van 
Breda de Haan, is a matter solely of assumption by cane pathologists; the question of 
identity has never been carefully examined although such identity seems probable. 
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Experimental results 

Experiment I 

Interruption op plow of nutrients not the cause op leap streaks. — 
The theory was first advanced that the fungus after gaining entrance to 
the leaf kills a small area of the host tissue which is in immediate contact 
with the fungus hyphae, and that this killed area then shuts off the flow 
of nutrients and water up and down the leaf. Prom this interference 
result the streaks which emanate from the original point of infection. To 
prove or disprove this theory ten leaves of the sugar cane variety Hawaii 
109, a very susceptible variety, were selected, and with a sharp sterile 
scalpel incisions from 0.5-1. 5 cm. in length were made transversely across 
the leaves, thus cutting the vascular systems of the parallel-veined cane 
leaves and interrupting the flow of nutrients. All such incisions were 
without effect, and gave no indications of killing or streaks whatsoever. 
The experiment was repeated with identical results. These results indicated 
that the streaks resulting from Helminthosporium infection were not the 
result of an interruption of the nutrient supply. 

The direction of the investigation then turned rathet naturally to the 
possibility of the production of toxic substances by the eye-spot fungus, 
Helminthosporium sacchari. 

Experiment II 

Tests for toxic substances in filtrates of cultures in pure sucrose 
solution. — An attempt was then undertaken to determine the presence of 
a toxic substance in cultures of H. sacchari. The first attempts were with 
cultures of the fungus in solutions of 10 per cent, pure sucrose in water, 
autoclaved, in 500-ce. Erlenmeyer flasks. Growth in this medium was not 
vigorous; on the contrary it was rather sparse. At the end of 30 days the 
cultures were passed through Chamberland filters which separated the 
fungus from the culture solutions. Flasks of the filtrate were held for 10 
days after the filtration and showed their sterility by absence of growth, 
either of H . sacchari or contaminating organisms. If a toxic substance had 
been produced by the fungus in the cultures it was expected that it would 
diffuse into the culture solutions, would pass through the filters while the 
fungus was withheld, and would evidence itself when inoculated into leaves 
of a susceptible cane variety. However, on inoculation of such filtrate into 
both young and old leaves of sugar cane, entirely negative results were 
secured. 

In this and subsequent inoculation work both hypodermic needles and 
capillary tubing were used to introduce the filtrate into the leaves. The 
capillary tubing when filled with the filtrate was made to puncture the cells 
of the leaves and allowed to remain thus during the period of the experi- 
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meat. Unless otherwise noted, nil tests for the toxic substance were made 
upon leaves of the very suseeptible sugar-eane variety, H 109, the H stand- 
ing for Hawaii, this variety being a seedling developed by the cane breeders 
of the Experiment Station of the Hawaiian Sugar Planters’ Association. 

Thinking that the toxic substance might not be in sufficient concentra- 
tion, the filtrate was placed in desiccators over CaCl 2 , and reduced to 
approximately one-fifth of its original volume, consequently increased to 
five times its original concentration. Such concentrated portions of the 
filtrate when inoculated into leaves of H 109 also gave entirely negative 
results. 

Experiment III 

Attempt to determine the presence op a toxic substance in filtrates 
of cultures in nutrient beef bouillon. — Thinking that the negative 
results with filtrates of cultures of H. sacchari in pure sucrose solutions 
might be due to the sparse growth of the fungus and sparse formation of a 
toxic substance, the experiment was repeated with cultures in nutrient beef- 
extract bouillon. The fungus was grown for 50 days in such cultures, 
then separated from the culture solutions by the use of Chamberland filters 
and the filtrates then concentrated to one-tenth their original volume over 
CaCL, in desiccator jars. The absence of H. sacchari and contaminating 
organisms was shown by holding the filtrate in sterile flasks for 10 days. 

This concentrated filtrate was then inoculated into leaves of the H 109 
cane variety. Then inoculations were made into young actively growing 
leaves and ten inoculations were made into older, more hardened mature 
leaves. After thirty days all inoculations but two were definitely negative. 
The two possibly positive results showed small red streaks, 1-2 mm. in 
width, one but 5 mm. in length and the other 24 mm. in length. On the 
basis of these results it could not possibly be concluded that a strong toxin 
was formed in the nutrient-bouillon cultures. At this stage of the inves- 
tigation, the possibility that a toxic substance produced by H. sacchari was 
the cause of the leaf stripes of eye spot, appeared rather improbable. 

Experiment IV 

To DETERMINE THE PRESENCE OP A TOXIC SUBSTANCE IN CULTURES IN 

Richard’s solution. — At this time the writer was re-reading the work by 
Brandes (1) on banana wilt and noted the use by Brandes of Richard’s 
solution; this solution contains 10 gm. KNO a , 5 gm. KH 2 P0 4 , 2.5 gm. 
MgS0 4 , 20 mg. PeCl a , and 50 gm, sucrose, in 1000 cc. of distilled water. 
The eye-spot fungus was grown in pure culture in flasks of this solution 
for 50 days. The cultures were then passed through a Chamberland filter, 
the culture solutions and diffused products of the fungus passing into the 
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filtrate and the fungus being separated out. The filtrate was a dark-brown 
clear liquid. Held* in sterile flasks for 10 days there was no indication of 
growth of the Helminthosporium or contaminating organisms. 

The project being rather discouraging at this point, no effort was made 
to concentrate the filtrate. And instead of inoculating the filtrate into the 
leaves by means of a hypodermic needle, or capillary tubing, 5 leaves of the 
H 109 variety were placed with their freshly cut ends immersed in the 
culture filtrate in sterile flasks. Identical H 109 leaves were placed in 
Richard’s solution which had not been cultured with the Helminthosporium. 
This was done on May 31st, 1927, at 11 : 30 A. M. On the same date at 
9 : 00 P. M. the leaves in the filtrate had begun to wilt and in 24 hours the 
wilt was clear-cut as compared to the control leaves in the uncultured 
medium. The leaves in the filtrate also showed long, reddish-brown streaks 
running longitudinally up the leaf similar in color and appearance to the 
streaks formed in natural cases of eye spot. The tentative conclusions from 
this experiment quoted directly from the notebook were : 

Tentative conclusions . — (1) One would conclude from these preliminary 
results that a soluble toxic substance is produced by the eye-spot fungus 
which diffuses out from the fungus into the culture solution ; and this toxic 
substance can be separated from the fungus and, independently of the 
fungus, produce on II 109 leaves the streak characteristic of eye spot. 

(2) From the failures with cultures in pure sucrose solution and in 
beef bouillon this toxic substance does not seem to be formed in the absence 
of inorganic nitrogen. 

(3) The toxic substance seems to be buffered in the presence of proteins. 

On June 2nd, the same experiment was set up using a new set of flasks 

of the same kind of filtrate made on May 31st. 

Experiment V 

(1) To CORROBORATE T1IE RESULTS OBTAINED IN EXPERIMENT IV AND (2) 
TO DETERMINE THE EFFECT OF THE TOXIC SUBSTANCE ON LEAVES OF THE RESIS- 
TANT yellow Caledonia variety. — A 50-day old culture of the eye-spot 
fungus in Richard’s solution was run through a Chamberland filter on May 
30th. The filtrate was kept sterile for subsequent use. 

On June 2nd, five small wide-mouthed straight-sided bottles of a diam- 
eter of 1.5 inches were filled to a height of 1.5 inches with this filtrate. 
Young freshly cut leaves of H 109 were placed with their butts immersed 
in the filtrate, one leaf in each bottle ; these leaves were, in order of their 
age, the youngest leaf of the cane just emerged from the central spindle, 
the leaf lower than the youngest leaf, the next older leaf, the next, and the 
fifth leaf from the central spindle. In other words five leaves were taken 
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in order of their age from a stalk of H 109, and their butts immersed in 
the filtrate of the eye-spot cflifture, promptly after being cut. 

Five identical bottles were filled to the same height, with Richard’s 
solution, which had been uncultured, that is the eye-spot fungus had not 
been grown upon it and it had been kept sterile. In these solutions were 
placed leaves of similar age from a similar stalk of H 109 sugar cane. These 
bottles served as controls on the eye-spot filtrate. 

In order to compare the reaction of the filtrate on leaves of a cane variety 
resistant to eye spot as compared to leaves of the susceptible H 109, leaves 
were cut from a fresh stalk of the resistant Yellow Caledonia variety, in 
consecutive ages as with the H 109, and placed in the same bottles as the 
H 109 leaves. The experiment was set up at 4 : 00 P. M., June 2nd. 

On June 3rd, at 4: 00 P. M., there was no wilting of the leaves in either 
the filtrate or control bottles, but there was a decided reddening of the 
vascular bundles of the leaves in the filtrate not visible in the leaves of the 
controls. This reddening seemed to be more noticeable in the Yellow Cale- 
donia leaves than in the H 109 leaves. 

On June 4th, at noon, there was a decided wilting of the H 109 leaves in 
the filtrate which was not evident in the Yellow Caledonia leaves in the 
filtrate or in either the Yellow Caledonia or H 109 leaves in the controls. 
The results at this time were recorded photographically. At the time of 
taking the photograph the leaves were removed from the filtrate and culture 
solution controls and placed in water. 

On June 5th, at 7 : 00 A. M., there was wilting of both the Yellow 
Caledonia and H 109 leaves previously in the filtrate but no wilting of 
either the Yellow Caledonia or II 109 leaves previously in the culture 
solution controls. 

On June 6th, at 9 : 00 A. M., the results were the same except that the 
leaves of both II 109 and Yellow Caledonia in the culture solution controls 
had begun to wilt. 

Tentative conclusions. — (1) It seems evident that there is a toxic sub- 
stance produced by the eye-spot fungus which if grown in liquid culture 
media will diffuse out into the culture solution and can then be separated 
from the fungus by filtration through a Chamberland filter. 

(2) Yellow Caledonia leaves reacted to the toxic substance considerably 
more slowly than the II 109 leaves but eventually did react. 

Experiment VI 

The effect of heat upon the toxic substance of the eye-spot fun- 
gus. — The filtrate of the culture of the eye-spot fungus in Richard’s solution 
which was used in the experiment of June 2nd, was used in this test. This 
was done since it was a difficult procedure to separate the toxic substance 
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from the fungus and it was thought that the filtrate in the previous experi- 
ment could be used* again. 

This filtrate was therefore sterilized in the autoclave at fifteen pounds 
pressure for twenty minutes. Such an exposure to heat would almost 
certainly destroy enzyme action and would probably coagulate most pro- 
teins. The presence or absence of a reaction to this autoclaved filtrate 
would therefore indicate whether the toxic substance was of a protein or 
non-protein nature. 

In order to determine more fully the effect of the toxic substance on H 
109 leaves of different ages, the youngest leaf, second, third, sixth and ninth 
leaves on a single stalk were cut off and their bases immersed in the toxic 
solution. Leaves in the same order of age were also selected from another 
stalk and placed with their butts in a non-cultured Richard’s solution as 
controls. 

June 8th, this experiment was set up at 11 : 50 A. M. 

June 9th, there was no obvious effect at 7:00 A. M. At 3 : 00 P. M. 
youngest leaf in filtrate showed wilting ; no wilting in other leaves. 

June 10th, 7 : 00 A. M., all leaves were definitely wilted in filtrate, but 
all leaves remained normal in controls. Wilted leaves also showed redden- 
ing of vascular bundles nearest to the midribs. 

Tentative conclusions.— ( 1) It seemed evident that the toxic substance 
was not of an enzyme nature nor of a protein nature for the exposure of 
the toxic substance to the autoclave would have destroyed enzymes and 
coagulated most proteins. 

(2) The results rather indicated the presence of a simple inorganic toxic 
substance as a by-product of the activities of the eye-spot fungus. 

Experiment VII 

To corroborate the previous experiment showing th$ non-protein 
nature op the eye-spot toxic substance. — The filtrate of the 50-day old 
culture of the eye-spot fungus in Richard’s solution was autoclaved again 
for 20 minutes at 15 pounds pressure and then diluted with equal parts of 
distilled water. 

June 17th : The experiment was set up at 6 : 00 P. M. with leaves on 
stalk in order of their age ; 1st, 2nd, 3rd, 6th and 9th. Leaves of the same 
age were placed in diluted uncultured medium of identical character as 
controls. 

June 18th, noon: Slight wilting of leaves occurred in the filtrates; little 
or no discoloration was evident. 

June 19th, 9 : 00 A. M. : The oldest (9th) leaf in the filtrate was- almost 
entirely yellow; 6th leaf yellowed but not as much as 9th; also wilted. 



LEE : EYE-SPOT FUNGUS OF SUGAR CANE 199 

1st, 2nd and 3rd leaves in age were all wilted and rolling at edges, but there 
was no yellowing as yet. 

All controls were normal. 

June 20th, 7 : 30 A. M. : All leaves in the filtrate were badly wilted ; leaves 
in controls entirely normal ; the results are shown in fig. 1. 



Fig. 1 . Effect upon the leaves of the H 109 cane variety of the toxic substance in 
filtrates of cultures of the eye-spot fungus in Richard’s solution. Left: H 109 leaves 
with butts immersed in twice autoclaved filtrate of culture of eye-spot fungus in Rich- 
ard’s solution. Youngest leaves at left and oldest leaves at right. Right: H 109 leaves 
with butts immersed in uncultured Richard ’s solution as controls. The photograph shows 
the toxic substance still active after autoclaving. 

June 23rd, 8 : 00 A. M. : Experiment concluded. 

Conclusion . — The toxic substance of the eye-spot fungus is apparently 
of a non-protein nature since after being subjected to a high heat its effect 
upon H 109 leaves is not at all minimized. 

Experiment VIII 

To DETERMINE THE PRESENCE OF NITRITES IN CULTURE FILTRATES. — As a 

student the present writer had been associated with an investigator (Pierre 
Boncquet) who, in investigating several different plant diseases, showed 
the presence of considerable concentrations of nitrites within the lesions of 
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such diseases. The correlation of the presence of nitrites with such other 
plant diseases also suggested itself as of possible interest in the-case of eye 
spot of sugar cane. Using the tests described in the Manual of the American 
Society of Bacteriologists,* determinations for the presence of nitrites were 
therefore made in the filtrates from eye-spot cultures, and as controls, tests 
were made on the uncultured Richard’s solution. The tests were as fol- 
lows: 5 gm. of sulphanilic acid were dissolved in 150 cc. of acetic acid 
(sp. gr. 1.04) to make solution A. 1 gm. of a-naphthyl-amine was dissolved 
in 22 cc. of water, filtered, and 180 cc. of dilute acetic acid added to make 
solution B. To te§t for nitrites add 2 cc. each of A and B to 10 cc. of 
culture to be tested; the presence of nitrites is evidenced by a rose-pink 
color which should be compared with the absence of such color from controls 
when tested in an identical manner. 

The tests showed considerable concentrations of nitrites in the filtrates 
of the culture solutions and no nitrites in the controls. Apparently the 
potassium nitrate of the Richard’s solution is reduced by the Helmintho- 
sporium of sugar-cane eye-spot disease, forming nitrites easily and abun- 
dantly. The test was repeated several times and on a number of different 
cultures.* 

The finding of nitrites in considerable concentrations in the culture fil- 
trates and the hitherto rather uncertain association of nitrites with certain 
plant diseases gave rise to the following experiment. 

Experiment IX 

TO TEST THE TOXICITY OP DILUTE SOLUTIONS OP SODIUM NITRITE VERSUS 

sodium nitrate on H 109 leaves. — The filtrates of cultures of the eye-spot 
fungus in Richard’s solution having been shown to contain a toxic substance 
of a non-protein nature, and having shown a marked reaction when tested 
for nitrites, the present test was inaugurated to show if simpffe nitrites 
would show the eye-spot reaction as much as the toxic substance from culture 
filtrates. Sodium nitrate solution of the same concentration as the sodium 
nitrite solution was used as a check. 

June 13th, 4 : 30 P. M. : Five bottles containing 0.5 per cent, of sodium 
nitrite in distilled water were used in which to immerse the butts of H 109 
leaves. Five bottles of sodium nitrate of the same concentration in distilled 

* This manual has not been available to the writer in Manila so that the page refer- 
ence cannot be given. However, the same test is given in Muir, Robert, and Ritchie, 
James. Manual of Bacteriology, p. 356. Oxford University Press, 1921. 

' » At this time Mr. Arthur F. Bell, of the Bureau of Sugar Experiment Stations of 
the Queensland Government, was a visitor in the laboratory and appreciation is here ex- 
pressed to Mr. Bell for the considerable assistance rendered by him in making these 
tests. 
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water were ran with H 109 leaves as controls. The leaves were placed in 
these solutions as follows : 1, 2, 3, 6 and 9, in order of their age on the stalk; 
1 was the youngest leaf. 

June 14th, 7 : 30 A. M. : The leaves in the sodium nitrite solution were 
slightly wilted and did not have the luster of leaves in the nitrate solution. 

June 14th, 2:00 P. M. : The leaves in nitrite solution showed definite 
reddening along the midribs. 

June 14th, 4:00 P. M. : The wilt was considerably advanced and vas- 
cular bundles alongside midribs were definitely reddened in the nitrite 
solution ; leaves in the nitrate solution were entirely normal. The younger 
leaves were wilted more than older leaves but reddening was equally pro- 
nounced in all leaves. 

June 15th, 8 : 00 A. M. : The reaction of the cane in the sodium nitrite 
was more pronounced ; reddening of such leaves was also more pronounced 
and very definite. 

June 16th : Experimental results photographed and shown in fig. 2. 



Fig. 2. The effect of the filtrate of the eye-spot fungus in Richard’s solution on 
leaves of H 109 and Yellow Caledonia. In each series there were five leaves in order of 
their age on the cane stalk; youngest to the left, oldest to the right. The series of five 
leaves to the left consisted of H 109 leaves in the filtrate ; the series to the right were 
H 109 controls; the third series were Caledonia leaves in the filtrate and the fourth series 
at the right were Caledonia controls. Photographed four days after being placed ip 
filtrate. 
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Conclusions. — Solutions of sodium nitrite produced a reaction in H 109 
leaves, closely similar to the reaction of the toxic filtrate of cultures of the 
eye-spot fungus in Richard’s solution. 

Experiment X 

To substantiate results obtained previously with sodium nitrite 

SOLUTIONS WHICH GAVE A TYPICAL EYE-SPOT REACTION ON H 109 LEAVES, WITH 
REDUCTION OP CHLOROPHYLL, WHILE LEAVES IN SODIUM NITRATE SOLUTION AS 

controls remained normal. — June 23rd, 9 : 00 A. M. : Three solutions were 
prepared, the first containing 0.125 per cent, of sodium nitrite in water, 
the second containing 0.25 per cent, of sodium nitrite in water and the third, 
0.25 per cent, of sodium nitrate in water. 

Three stalks of H 109 were cut and on each stalk the first, second, third, 
sixth and ninth leaves in order of their age in the stalk were cut, first being 
the youngest and ninth the oldest. 

Immediately after cutting off these leaves, their butts were immersed in 
the solutions, the leaves of one stalk in 0.125 per cent, sodium nitrite, the 
leaves of the second in 0.25 per cent, sodium nitrite and the leaves of the 
third in 0.25 per cent, sodium nitrate. 

June 24th, 8 : 00 A. M. : The third, sixth and ninth leaves in both con- 
centrations of sodium nitrite showed reddened color along the midribs, in 
the lower parts of the leaves. There was a slight tendency of the leaves 
to roll at the edges and wilt. 

June 25th, 7 : 30 A. M. : The older leaves were obviously more severely 
affected by the sodium nitrite solutions than the younger leaves. The leaves 
in the 0.25 per cent, solution were more severely affected than the leaves in 
the 0.125 per cent, solution. The reaction of the leaves was as usual, a 
reddening of the leaf blades along the midribs, usually more noteworthy 
in the lower parts of the leaves. 

June 26th, 9 : 30 A. M. : The second, sixth and ninth leaves in the 0.125 
per cent, solution of sodium nitrite showed definite yellow streaks typical 
of the earlier stages of eye spot ; these yellow streaks were not found in the 
more concentrated, 0.25 per cent., solution of sodium nitrite. There were 
present in both concentrations the red streaks typical of the more advanced 
stages of eye spot. The control leaves in sodium nitrate solutions were 
entirely normal. 

June 27th: The leaves were now so wilted and rolled as to obscure the 
yellow and red streaks of the leaves in the sodium nitrite solutions, and the 
experiment was discontinued. 

Conclusions. — Sodium nitrite solutions reproduced the yellow and red 
streaks in H 109 leaves typical of eye spot. The reaction of sodium nitrite 
on the leaves was identical with the reaction of the filtrate of cultures of the 
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eye-spot fungus in Richard's solution. Since Richard’s solution contains 
nitrates which when cultured with the eye-spot fungus produce abundant 
nitrites, there is a strong inference that the action of the eye-spot fungus on 
H 109 leaves is to reduce nitrates to nitrites which in turn react on the 
leaves to form the typical yellow and red streaks which result from eye-spot 
infection. 

The action of the eye-spot fungus and of the sodium nitrite solutions is 
clearly a reduction of the chlorophyll to form first the yellow color and, 
with greater concentration, the red color observed in the leaves. 

Experiment XI 

TO TEST THE REACTION OF THRICE- AUTOCLAVED, DILUTED FILTRATE OP THE 

eye-spot fungus in Richard's solution on H 109 leaves. — June 27th: 
Using the same filtrate of cultures of the eye-spot fungus in Richard’s solu- 
tion, having been autoclaved once more however, making three times in all, 
an experiment was set up to test the effect of dilution on the filtrate. 

One part of the filtrate was diluted with equal parts of water, making a 
50 per cent, concentration. The other part of the filtrate was diluted with 
3 parts of water, making a 25 per cent, concentration. As a control, uncul- 
tured Richard's solution was diluted to a 50 per cent, concentration with 
water. 

June 27th, 4: 30 P. M. : Five H 109 leaves were placed in the 25 per 
cent, concentration of the filtrate ; leaves 1, 2, 3, 6 and 8 in order of their 
age on the stalk. Five leaves from another stalk in order of their age 1, 2, 
3, 5 and 8 were x>laced in a 50 per cent, concentration of the filtrate. Five 
leaves from another stalk, leaves 1, 2, 3, 5 and 8 in order of their age, were 
placed in a 50 per cent, concentration of uncultured Richard's solution as 
controls. 

June 28th, 7 : 00 A. M. : No results were evident as yet. 

June 29th, 7:00 A. M.: In the 50 per cent, concentration of filtrate, 
leaves 3, 5 and 8 were rolled and slightly wilted but not discolored, while 
leaves 1 and 2 were still normal. In the 25 per cent, concentration of 
filtrate, leaves 6 and 9 were slightly wilted and edges rolled; leaf 9 was 
decidedly yellow, especially at the tip ; leaf 6 also was yellow at the tip, but 
less so than 9 ; other leaves were normal. Control leaves were normal. 

June 30th, 7 : 30 A. M. : All leaves in both 25 and 50 per cent, concen- 
trations of the filtrate were severely wilted ; control leaves were normal. 

July 1st: The leaves the same as on June 30th; the experiment dis- 
continued. 

Conclusions , — The results of this experiment showing that the filtrate 
of the cultures was still toxic after three exposures to high heat in the auto- 
clave indicated that the toxic substance was of a non-protein nature. The 
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results also indicated that older leaves of H 109 were more susceptible to the 
toxie substance than young leaves. Finally, the experimental results also 
indicated that a more typical eye-spot reaction was obtained with a diluted 
toxic substance than with the more concentrated form. 

Experiment XII 

TO SUBSTANTIATE A PREVIOUS EXPERIMENT SHOWING THAT DILUTE SODIUM 
NITRITE SOLUTIONS PRODUCE A MORE TYPICAL EYE-SPOT REACTION ON H 109 
leaves than stronger concentration. — July 1st : Solutions were prepared 
containing 0.125 and 0.25 per cent, of sodium nitrite in water and 0.25 per 
cent, of sodium nitrate in water. 

5 : 30 P. M. : From a fresh stalk of H 109, counting the youngest, newest 
unfolded flat leaf as leaf number 1, were cut off leaves numbers, 2, 3, 6, 7 
and 9 and their butts immediately immersed in the solution of 0.25 per cent, 
sodium nitrate. From a similar stalk of H 109 a series of leaves of identical 
ages were cut and placed in the solution of 0.25 per cent, sodium nitrite. A 
similar series of leaves of identical ages was cut and the leaf butts immedi- 
ately immersed in solutions of 0.125 per cent, of sodium nitrite. 

July 2nd, 8 : 00 A. M. : No reaction in any series. 

July 3rd, 8 : 00 A. M. : In the 0.25 per cent, solution of sodium nitrate 
there was no reaction. In the 0.25 per cent, solution of sodium nitrite all 
leaves were slightly rolled and showed red streaks, older leaves were more 
severely affected than the younger leaves. In the 0.125 per cent, solution 
of sodium nitrite the same reaction was recorded but the reddening was 
confined to the leaf blades near the midrib at the bases of the leaves. 

July 4th, 6 : 00 P. M. : Fine examples of typical yellow eye-spot streaks 
were observed in leaves, 2, 3, 7 and 8 in the 0.125 per cent, sodium nitrite 
solution and in leaves 3, 6 and 7 of the 0.25 per cent, solution of sodium 
nitrite. The controls in the sodium nitrate solution showed no reaction. 

Conclusions . — Sodium nitrite solutions reproduced the yellow and red 
streaks in H 109 leaves typical of eye spot. Previous experiments and con- 
clusions were corroborated. The older leaves appeared to be more sus- 
ceptible to the toxic substance than the younger leaves. 

Experiment XIII 

TO COMPARE VARIOUS NITROGEN COMPOUNDS AS SOURCES FOR THE TOXIC 

substance. — In the earlier stages of this experimental work the possibility 
had suggested itself that since the toxic substance did not react to any ap- 
preciable extent in filtrates of cultures of the eye-spot fungus in beef bouil- 
lon, white there was an appreciable reaction in the filtrates of cultures in 
Bichard’s solution, possibly there was a buffering action of the proteins of 
the beef-extract bouillon against the toxic substanee. This did not seem so 
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'likely after the finding that the toxic substance was principally an inorganic 
nitrite* however the following experiment was inaugurated before this latter 
finding was established ; the experiment was planned to test the formation or 
reaction of the toxic substance in filtrates of cultures with various sources 
of nitrogen and to test the buffering effect of beef -extract proteins on the 
toxic substance. 

Bichard’s solution was prepared, omitting the potassium nitrate, and 
divided into five different lots. To one lot waB added one per cent, of 
potassium nitrate ; to the second lot one per cent, of asparagin ; to the third 
lot one per cent, of peptone ; to the fourth lot one per cent, of beef extract, 
and to the fifth lot one per cent, of potassium nitrate plus one per cent, of 
beef extract. There were therefore four different sources of nitrogen of 
increasing complexity of structure, and in the fifth lot there was a mixture 
of protein nitrogen with inorganic nitrogen to determine whether or not 
such protein would have a buffering action upon the toxic substance. All 
five classes of media were then sterilized in the Arnold sterilizer on three 
successive days for 20 minutes of steaming each day. 

There were 12 Erlenmeyer flasks of each medium and 6 flasks of each 
medium were inoculated with the eye-spot fungus, the remaining 6 flasks 
of each series being kept as controls; this experiment was set np on May 
19th, 1927. 

On August 20th, 92 days later, all cultures were filtered through Cham- 
berland filters, each series of a distinct medium having a separate elean 
Chamberland filter ; the filtrate was received in sterile flasks. 

The filtrates of all series of the cultured media were then tested sepa- 
rately for the presence of nitrites, using the sulphanilic aeid, a-naphthyl- 
amine test ; the results were as shown in table I. 

TABLE I 

Presence or absence op nitrites in filtrates of eye-spot cultures, and uncultured 
CONTROLS, IN MEDIA WITH VARIOUS SOURCES OF NITROGEN 



Potassium 

NITRATE 

Aspa- 

ragin 

Peptone 

Beep 

extract 

Potassium 
nitrate plus 

BEEP EXTRACT 

Filtrates of cultures 
Uncultured media as 

++ 

Trace 

- 

- 

+ 

controls ..... 

Weight of mycelial 
mass filtered from 




i 


culture: grams 

4.24 

5.01 

6.19 

4.72 

5.57 


The tests showed a very strong presence of nitrites in the medium with 
potassium nitrate as a source of nitrogen ; a lesser reaction for nitrites in 
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the medium with mixed potassium nitrate and beef bouillon and but a trace 
of reaction from the medium containing asparagin. There was no reaction 
for nitrites in the media containing peptone or beef extract alone. 

In this connection it is interesting to note that the mycelial masses from 
the different series of media were weighed and for convenience such weights 
are also given in table I. These figures show that there is no correlation 
between quantity of growth and formation of the toxic nitrites. Rather it 
is evidently the source of nitrogen which is the factor governing the forma- 
tion of nitrites. Apparently the fungus of eye spot of sugar cane grows 
more vigorously on organic forms of nitrogen than on inorganic forms. As 
against this, however, the fungus seems to have little effect in reducing 
such more complex forms of nitrogen to nitrites but does have a strong 
capacity to reduce inorganic nitrates to nitrites ; apparently it is this latter 
factor in its physiology which causes it to be a serious pathogen to certain 
of the sugar-cane varieties. 

The filtrates of the different series of culture media were then diluted 
with equal parts of sterile distilled water, placed in the straight-sided 
bottles used in previous experiments, and five leaves of similar degrees of 
age from identical stalks of the variety H 109, placed with their cut ends 
or butts in such filtrates. The results of this test are shown in table II. 

The results of these toxic substance reaction tests correlate closely with 
the results of the tests for nitrites in these filtrates and controls, the one 
exception being that, whereas the qualitative determination for nitrites by 
the sulphanilic acid test gave no reaction in the filtrates of cultures in 
peptone medium, there was a slight reaction on the part of the leaves in 
such filtrates, indicating the presence of this toxic substance; apparently, 
then, as deduced from previous experiments only very slight quantities of 
nitrites are necessary to produce a reaction on the leaves of a susceptible 
cane variety, and one would judge that the leaves give a more delicate test 
for the presence of nitrites than the sulphanilic acid method. 

Conclusions . — The results tabulated in table II would indicate that the 
eye-spot fungus can produce the toxic substance for H 109 leaves in a 
medium containing nitrates ; this toxic substance is not materially buffered 
in the presence of the proteins of beef bouillon as was at one time in these 
studies thought possible ; the toxic substance is produced to a lesser extent 
in a medium containing asparagin, and to an even lesser extent in a medium 
containing peptone ; the toxic substance was not produced in a medium con- 
taining beef extract as the sole source of nitrogen. 

Review of literature and discussion 

The literature concerning the toxic substances formed by plant patho- 
gens is fairly extensive, and no effort will be made to present a complete 
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bibliography of the subject, but mention of a few recent papers wilaaggest 
the most recent viewpoints. 

Beandes (1) working on the Fusarmm wilt of banana plants in 1SH> 
expressed what seemed to be the viewpoint from gradually accumulating 
evidence at that time for several wilt diseases, that * 4 wilting is not due to 
plugging of the vessels by mycelium, but is probably the result of toxic 
excretions by the fungus. ” 

White (7) showed the presence of toxic substances in filtrates of cultures 
of Fusarium lycopersici. He apparently arrived at the conclusion that 
there were two toxic principles in such filtrates ; the first, of the nature of 
an enzyme, and the second crystalloidal and thermostable. He believed that 
among the organic acids present in the filtrates, might be found the ther- 
mostable toxic substance. 

Rosen (5) showed that sterile filtrates of cultures of Fusarium vasin- 
fectum, the pathogen of cotton wilt, in Richard's solution (nitrogen in the 
form of nitrates) were toxic to cotton plants. Filtrates of cultures of the 
same organism in Uschinsky's solution (nitrogen in the form of asparagin) 
or peptone bouillon (nitrogen in the form of peptones) were non-toxic to 
cotton plants. Whole plants with normal uninjured roots when placed in 
filtrates of cultures in Richard's solution, exhibited the results of the toxic 
substance, showing absorption of the toxic substance through the roots. 
These toxic filtrates gave positive tests for nitrites and using chemically pure 
sodium nitrite solutions of concentrations comparable to the concentrations 
found in the culture filtrates, Rosen obtained a reaction by his cotton plants 
similar to the toxic effect exhibited by his culture filtrates. Rosen also 
came to the conclusion that there were two toxic substances formed by the 
Fusarium of cotton wilt : the first was an inorganic salt in the form of a 
nitrite and the second a volatile compound with an alkaline reaction. 

In his paper, Rosen suggests that cotton wilt which is more prevalent 
in his experience on sandy soils may be correlated with the lack of organic 
nitrogen in such soils, basing this deduction on the presence of the toxic 
substance in cultures containing inorganic nitrogen and the absence of the 
toxic substance in cultures containing only organic nitrogen. He goes some- 
what further along this line of thought in a later note (6) in which he sug- 
gests the possibility of the control of cotton wilt by the use of organic nitro- 
gen fertilizers. The work of Beandes, White and Rosen, all showed that 
the wilting produced in plants placed in culture filtrates as compared to 
normal plants in controls, could not have been brought about by a change 
in osmotic pressure of the culture solution which might have resulted from 
the fungus metabolism. 

The results of studies outlined in the present paper are in close agree- 
ment with the main body of the conclusions by White and by Rosen 
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although there Is evidence of the presence of bat one toxic substance from 
the studies here recorded. The toxic substance produced by the fungus of 
eye-spot of sugar cane has been shown to be a soluble, inorganic substance 
sot affected by heat, and subsequently by identical reactions the inference 
is strong that this substance is simply an inorganic nitrite. These nitrites 
are formed readily in media containing inorganic nitrates and to a less ex- 
tent from lower organic nitrogen forms, such as asparagin, but are not 
formed -at all from peptone, or the higher protein forms of nitrogen. The 
toxic aetion of the nitrites is not buffered by the presence of proteins such 
as those in beef extract. 

Apparently the toxic substance is not truly a metabolism product of the 
pathogen but results solely from the vigorous capacity of the pathogen to 
reduce to nitrites the inorganic nitrates present in the medium or other 
environment. 

These results obtained in culture and toxin studies fit in admirably with 
the results by Lee and Martin (3) which showed big increases in the 
virulence of the disease following applications of inorganicTnitrogen fertil- 
izers to fields of susceptible cane varieties, even though the nitrogen is 
applied in the form of ammonium sulphate rather than sodium or potassium 
nitrates. Apparently the nitrogen taken up by the cane plant arrives in the 
cane foliage in the form of nitrates, which are reacted upon vigorously by 
the eye-spot fungus to produce nitrites abundantly, which are in turn toxic 
to the cane-leaf tissues. One would judge that one important effect of the 
nitrates on the leaf tissues was the reduction of the chlorophyll as indicated 
by the color changes from green to yellow and red in streaks on the leaves. 
It is of possible physiological interest that this reduction takes place more 
strongly in the older leaves than in the younger ones. 

As to the application of nitrogen in organic forms to minimize the disease 
or more properly to avoid the formation of toxic substances as suggested by 
Rosen, the question would reasonably seem to be, whether such nitrogen 
arrives in the cane leaves in the form of organic compounds or as inorganic 
nitrates. The field experience with ammonium sulphate and with organic 
forms of nitrogen fertilizers, such as filter-press mud from sugar-cane fac- 
tories, or dried blood, etc., has shown the big increases of eye-spot similar 
to the increases of tbe disease when inorganic nitrate fertilizers are used, 
and would seem in opposition to the theory that organic fertilizers minimize 
the disease. 

There is, however, a field application of these experimental results, which 
has already proven notably successful; when the application of nitrogen 
fertilizers is made at such a time as to bring the physiological response in 
the host plant, at a time of the season when climatic conditions for fungus 
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infection are at a minimum there is scarcely any injury from l&e disease 
at all. This has been proyen out as a commercially feasible practice in the 
case of eye-spot of sugar cane. 

The tests with the toxic filtrates on leaves of the Yellow Oaledonia 
variety, a variety which is resistant to eye-spot, also led to some int^esting 
inferences. Yellow Caledonia leaves frequently become infected under 
natural field conditions, but never develop the long streaks of killed tissue 
found on the susceptible varieties following infection; instead, there are 
formed only small local lesions at the point of infection. However, when 
Yellow Caledonia leaves are placed in solutions of the toxic substance, they 
indubitably react to such a toxic substance. One would conclude therefore 
that studies of the nitrogen metabolism of a variety such as Yellow Cale- 
donia would possibly show the nitrogen in the leaves, in forms other than 
the simple inorganic nitrates, so that the fungus had difficulty in producing 
the toxic nitrites. 

At the time of the conclusion of the writer’s work on eye-spot, attention 
was also called to the possibility of fertilizing with catalytic oxidizing agents 
in an effort to get such catalysts into the nutrient streams of the plant in 
order to neutralize the reducing effect upon nitrates produced by the 
pathogen. The salts of such metals as iron, manganese and zinc were 
suggested for such attempts. 

The studies at least lead to a more intelligent attempt at producing in 
the host plant resistance to the toxic effects produced by a certain group of 
plant pathogens. . v 1 ' ! 

Summary 

1. Tests for a toxic reaction of susceptible sugar-cane leaves were con- 
clusively negative when tested with filtrates of cultures of the fungus of 
eye-spot of sugar cane, Helminthosporium sacchari, in pure sucrose solutions 
and in beef -extract bouillon media. 

2. Tests on sugar-cane leaves with filtrates of cultures of the same fungus 
in Richard’s solution showed the presence of a toxic substance. This toxic 
substance was shown to persist after heating to an extent which would 
destroy enzymes and coagulate most proteins. Attention rather naturally 
therefore turned towards simpler nitrogen compounds as the toxic sub- 
stances. 

3. The presence of considerable concentrations of nitrites was shown in 
the filtrates of cultures of the fungus in Richard’s solution and to a leaser 
extent in an asparagin medium, but such nitrites were not evidenced in 
filtrates of cultures in a peptone bouillon medium nor in a beef-extract 
bouillon, nor in uncultured Richard’s solution as a control on the test for 
nitrites. 
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' 4. Susceptible sugar-cane leaves evidenced a toxic reaction from filtrates 
of the cultures in Richard’s solution, to a lesser extent in an asparagus 
medium and to a much slighter extent in a peptone medium. There was 
no toxic reaction by such leaves to filtrates of cultures in beef-extract 
bouillon. There was no correlation between quantity of growth in these 
media, and quantity of the toxic substance produced. The reaction of cane 
leaves to these filtrates of cultures in media with various nitrogen sources 
was closely correlated with the presence of nitrites in such filtrates. 

5. Dilute solutions of potassium nitrite brought about the same reaction 
of susceptible sugar-cane leaves as the filtrates of cultures of the eye-spot 
fungus in media containing the lower nitrogen compounds. This reaction, 
in dilute concentrations, was a yellowing of leaves either totally or in 
streaks, and sometimes the formation of brownish-red streaks up and down 
the leaves. Leaves in these filtrates always wilted and showed a loss of the 
glossy appearance typical of the control leaves which remained unwilted 
and a normal green color. 

6. The evidence points to this toxic substance, therefore, not as a direct 
product of the metabolism of the fungus but as a product of the environ- 
mental medium. Apparently the fungus of eye-spot of sugar cane has a 
strong capacity to reduce to nitrites some of the lower nitrogen compounds 
in its environmental medium; these nitrites in turn are toxic to the leaf 
tissues of the host plant. One notable toxic effect produced by such nitrites 
is the reduction of the chlorophyll of the host tissues. 

7. The results recorded in this paper indicate a strong relationship 
between the virulence of this disease, and probably many other plant dis- 
eases, to the nitrogen nutrition of the host plant. The attempt to apply 
these results to commercial crop production by using organic nitrogen 
fertilizers for the nutrition of the host plants depends for its success on the 
nitrogen from such fertilizers reaching the leaves in a nitrogen form other 
than as nitrates. Field results with organic nitrogen fertilizers in the ease 
of eye-spot disease of sugar cane indicate as large an increase of the disease 
as that which follows applications of inorganic nitrogen fertilizers. The 
logic of the results recorded in this paper as well as of the field results 
does not therefore indicate that applications of organic nitrogen fertilizers 
will serve as a control measure for this disease. 

8. A practical application has been developed for minimizing this dis- 
ease which in principle is dependent on avoiding nitrogen fertilizers during 
seasonal periods in which climatic conditions favor fungus infection ; quite 
the reverse, nitrogen fertilizers of any class should be applied at a time 
when the host plant will react to the nitrogen in a period with climatic 



212 


PLANT PHYSIOLOGY 


conditions unfavorable to infection. This procedure has been notably suc- 
cessful in actual practice, against eye-spot disease of sugar cane. 

Philippine Sugar Association, 

Manila, Philippine Islands. 

i 41 ' ' 
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THE ABSORPTION OP PHOSPHATE PROM SOIL AND 
SOLUTION CULTURES 1 

L. J. H. Teakle 
(with four figures) 

Introductory 

In the study of the phosphate nutrition of plants it is of importance to 
know what relation exists between the soil solution and the absorption of 
phosphate by the growing plant, concerning the power to do which, there 
is a difference of opinion. .Some emphasize the effect of carbon dioxide 
arising from the respiration of the roots ; others suggest an internal factor 
related to the metabolism of the plant. The question of the rate of supply 
as well as the effect of concentration is of great importance in the interpre- 
tation of results of soil and solution culture experimentation. This has 
been overlooked by certain of the earlier plant physiologists and has led to 
an emphasis of the importance of the action of the roots on the soil particles. 
There is, however, ample experimental evidence to show the ability of plants 
to absorb phosphate from solutions comparable in phosphate concentration 
with the soil solution. Thus Birner and Lucanus (4) and Beyer (3) as 
early as 1870 had shown the ability of oat plants to make normal growth in 
well water containing 2 ppm. P0 4 and Schloesing fils (13) and Kosso- 
witch (9) arrived at similar conclusions some thirty years later. 
Schloesing fils found 1 ppm. P0 4 adequate for certain plants and con- 
cluded that the soil solution supplied at least the major part, of the phos- 
phate absorbed from the soil. Kossowitch recognized a difference between 
flax and mustard and suggested that this was due to effect of the carbon 
dioxide formed by the roots. Hoagland and Martin (7), using solution 
cultures, obtained good growth of barley at 0.7 ppm. P0 4 . Somewhat bet- 
ter growth occurred in similar solutions containing 2.4 ppm. and 9.0 ppm. 
P0 4 . 

The role of calcium carbonate in limiting absorption from rock phos- 
phates has been indicated by Prianischnikow (12), Breazeale (5) and 
others. Apparently the carbonic acid arising from root respiration is neu- 
tralized by the calcium carbonate with the formation of calcium bicarbonate 
which depresses the solubility of calcium phosphate. It seems that car- 
bonic acid may be an important agent in the solution of soil phosphates, but 

i Contribution from the Laboratory of Plant Nutrition, the University of California. 
This problem was suggested by Professor John 8. Btjhd, to whom grateful acknowledg- 
ment is made for helpful counsel throughout the investigation. 
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in highly buffered, neutral or slightly alkaline soils the plant must draw its 
supply from the phosphate of the soil solution. A recognition of^dbis dif- 
ference may lead to an explanation of the different results obtained under 
varied circumstances and to a reconciliation of various theories. 

Experimental 

This series of experiments was designed to afford evidence concerning 
the relation between the phosphate concentration of the soil solution and 
the absorption of that ion by the wheat plant. 

For this purpose, Pusa 4 wheat, obtained from the University Farm, 
Davis, California, was used on account of its early maturity. It was grown 
in soil' cultures and in solution cultures, and, after harvesting, the plants 
were weighed and absorption determined by analysis. All experiments here 
reported were conducted during the summer of 1926 in the same greenhouse 
at the University of California, Berkeley, California. The methods in com- 
mon use in the laboratories of Plant Nutrition, University of California, 
were employed throughout. Brief mention may be made as follows : 

The soil solution was obtained by the water displacement method of 
Burd and Martin ( 6 ). 

Phosphate, when in sufficient concentration, was determined by titration 
of the phospho-molybdate precipitate. For small concentrations, and for 
the control of the solution cultures, the coeruleo-molybdate method described 
by Atkins (2) was used. 

To obtain the ash for analysis, samples of the dried and ground plant 
materials were weighed, mixed intimately with magnesium oxide, and 
ignited to a dull red heat in an electric muffle. 

A. Soil cultures 

Three soils were selected for the cultural experiments on account of 
their physical condition and the phosphate concentration of the soil solu- 
tion. They were all amenable to the displacement method. Certain details 
of their history and composition are given in table I. 

It should be added that each soil was neutral or nearly neutral in reac- 
tion and exhibited a strong buffer action toward acid. Further details of 
this behavior are reported in another paper (15). 

The soils were subjected to various treatments in order to modify the 
concentration of the soil solution with respect to phosphate. In the case of 
soils 29 and 30, the calculated amounts of hydrochloric acid and chlorides 
of calcium and magnesium were added to the distilled water used in moisten- 
ing the dry soil. 

On account of the poverty of soil 33 (see table II) a culture solution, 
0.01 molal with respect to potassium, calcium, magnesium, and sulphate 
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TABLE II 

« 

Soil 33. Analysis of the displaced solution 


Moisture 

Specific resistance 

pH 


NO, 

Ca 

Per cent . 

ohms 


ppm . 

ppm . 

ppm , 

19 

2250 

1 

7.8 

0.2 

52 

50 


and 0.03 molal with respect to nitrate, was used instead of distilled water 
to moisten the soil. 

After standing for about one week, the cultures were seeded to obtain a 
stand of six healthy plants per culture. Three of these plants were har- 
vested at the intermediate period. For each treatment, five two-gallon, 
glazed earthenware crocks, each containing 10 kilograms of soil, were used. 
The moisture was maintained by additions of distilled water in quantities 
determined by the loss in weight of the jars. Uncropped controls were 
used in connection with all experiments. 

At the beginning of the experiment and at the two other periods during 
the growth of the plants, tho soil solution was obtained from samples of soil 
under each treatment and from the controls. The results are shown in the 
accompanying tables and are considered to afford a fairly accurate picture 
of the fluctuations of the phosphate concentration of the soil solution under 
the several treatments. 

The treatments of the soils and certain of the effects of these treatments 
on the composition of the soil solution are given in table III. All determina- 
tions were made in duplicate. The amendments w r ere calculated on the 
basis of the theoretical soil solution and are expressed in terms of normality, 
or as parts per million of the soil solution. Another paper (Teakle 15) 
deals more exhaustively with the chemical effects of these amendments. 

In table IV are presented the data concerning the growth and analysis 
of the wheat plants under the several conditions. All ash analyses re- 
ported are the averages of closely agreeing triplicate determinations, and 
the weights given are averages of a harvest of at least 15 plants from each 
treatment. 

Apparently healthy plants were produced, but there was a marked 
difference in tillering under the different treatments, which is reflected by 
the weights. No doubt the high salt content of the soil solution, induced 
by certain of the treatments, was a seriously complicating factor, and it 
will be impossible to use any of the data except those obtained under 
favorable conditions. It seems permissible to consider the effects of the 
treatments of soil 33 (including 33a), and also the results from soils 29 
and 30 involving the milder treatments. Too little is known of the effect 








TABLE III 

Soils 29 , 30 , 33 . The effect of amendments on the composition of the soil solution displaced from soils with and without a atop or 
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Soils 89, 30, and 33. Growth and composition op wheat plants in the soil under the treatments described in table HI. Variety Posa 4 
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of balance of ions on absorption to permit of conclusions from results 
obtained under more severe conditions. 

In considering soil 33 it seems apparent that the addition of a con- 
siderable amount of finely ground rock phosphate, which affected the con- 
centration of the soil solution but little, had a correspondingly small effect 
on the absorption of phosphate by the plants. In soils of this nature the 
effect of carbon dioxide on the solid phase phosphate must be very small. 
In addition there appears to be no definite relation between the concentra- 
tion of the soil solution and the amount of phosphate absorbed therefrom. 
The effect of concentration in this regard will be studied under more 
favorable conditions in solution culture, using concentrations suggested 
by a study of these and of other soils. 

The treatment of soil 30 with CaCl 2 and MgCl 2 suggested that calcium 
in the soil solution retards the rate of solution of solid phase phosphate to 
replace that absorbed by plants. While the solubility of phosphate is low- 
ered materially by the presence of increased amounts of calcium in the soil 
solution, according to the data in table V, it seems that this retardation is 
the more important effect in soil 30. It will be noted that on account of the 
phenomenon of base replacement the application of magnesium chloride 
gave practically the same results as an equivalent amount of calcium 
chloride. 

B. Solution Cultures 

It seemed desirable to conduct accurate controls in the shape of solution 
cultures. A constant flow device was therefore arranged as shown in fig. 1. 
Solution of carefully maintained composition was allowed to flow from the 
upper carboys (A) into the culture jars (B), being delivered at the bottom. 
The overflow was removed by means of a J siphon after the design of 
Anderssen (1) and caught in carboys (C) similar to the first. After 
analysis of the solutions in C, they were adjusted to the original concentra- 
tions and pumped into the upper carboys (A) by means of a small Nelson 
pump. The volume was adjusted with distilled water to 40 liters in these 
upper carboys. The rate of flow was controlled by glass stop cocks (D) 
and varied from 1 liter to 8 liters per day per plant depending on the 
composition of the solution and the age of the plants. It was found neces- 
sary to coat the containers and conducting tubes with a black asphaltum 
paint to exclude light. This necessitated a sheath of pasteboard or several 
thicknesses of brown paper to maintain the solutions at an even temperature. 
The culture jars (B) had a capacity of about 16 liters of solution and sup- 
ported a growth of 10 or 20 wheat plants; the number being determined 
by the concentration of phosphate in the solution. 

The carboys (A and C) each had a capacity of 40 liters and were 
graduated in units of two liters to facilitate control of the rate of flow. All 
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Fio. 1 . Diagrammatic representation of a device for the constant renewal of culture 
solution used in the study of the growth of wheat. 


experiments described were conducted side by side with the soil cultures 

described in the foregoing section. . 

Harvesting took place on the dates reported in table VI. The date of 
the final harvest was determined by the emergence of the anthers from the 
glumes; that is, the plants were harvested at the beginning of the flowering 

8t Tn all essentials the plants were treated in the same way as those grown 
in soil cultures. 
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Three experiments were conducted using this method and were designed 
to determine the growth and composition of wheat plants in solutions con- 
taining phosphate ranging from 0.05 ppm. P0 4 to 50 ppm. P0 4 , the reac- 
tion being maintained at either pH 5.5 or pH 7.0. The results of these 
experiments are reported in table VI. The results of harvesting at an 
intermediate stage are not included in this table as not contributing to the 
discussion. 

In all cases the culture solution at the beginning of the experiments was 
0.01 molal with respect to potassium, calcium, magnesium, and sulphate, 
and 0.03 molal with respect to nitrate. This concentration was not unduly 
changed in consequence of the growth of the plants. Phosphate was main- 
tained by use of amounts of carefully standardized KH 2 P0 4 indicated by 
analysis. The pH was maintained by use daily of normal solutions of 
potassium hydroxide and sulphuric acid. Iron was added daily, using 
2 cc. of 0.5 per cent, ferric tartrate per culture. One part per million of 
manganese and boron were added to the solutions at the beginning of each 
experiment. 

Fine healthy plants were produced under all of these conditions. In 
the presence of 50 ppm. P0 4 at pH 7.0 slight chlorosis was noted, but appar- 
ently no untoward results occurred. At least one good head was produced 
per plant in e$ch treatment and it was significant that, while about three 
head-bearing stalks were produced at 1 ppm. P0 4 or above, practically all 
plants were limited to one head-bearing tiller at lower concentrations. 
Also, at these lower concentrations the roots were long and spindling and 
were discolored, suggesting a deposit of iron oxide. In other cultures the 
roots were strong and lustrous. 

The expressed sap 

Having sufficient green material available it was decided to make a study 
of the expressed sap of the wheat plants grown under these carefully con- 
trolled conditions. After taking the green weights, half of the plants were 
systematically selected and cut in suitable lengths for handling. The 
material was bottled, “killed” by freezing at -15° C., and the expressed 
sap obtained under a mechanical pressure of 200 kilograms per square 
centimeter immediately after thawing. 2 This method has been used suc- 
cessfully by many investigators among whom may be mentioned Newton 
( 10 ) and Hoagland and Martin ( 8 ) of this laboratory. 

Immediately after the pressure was released the sap was filtered and 
titrated electrometrically against 0.1 N • H 2 S0 4 and 0.1 N • NaOH, using the 
hydrogen electrode and converting the E.M.F. readings to pH by use of 

2 The author is indebted to the Division of Pomology, University of California, for 
the use of the cold chambers and press required for this operation. 



TABLE VI 
Experiments 1, 2, and 3 

Details concerning the growth and composition of wheat plants grown in flowing culture solution 
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the tables compiled by Schmidt and Hoagland (14). Ten cubic centi- 
meters of tiie sap, diluted with 10 cc. C0 2 -free distilled water, served for 
each titration. Other portions of the sap were analysed for phosphate 
(volumetrically and eolorimetrically), and also for other ions where pos- 
sible. The results of the titrations are expressed as curves in figs. 2, 3, 
and 4, and the analytical data are reported in table VII. 



Fig. 2, Titration curves of expressed sap from plants grown in cultures 1, 2, 3, and 
4, experiment 1. Between pH 5.3 and pH 3.9 the points so nearly coincided that it was 
necessary to use a single curve to represent the results, and avoid a confusion of lines. 


The results are instructive in showing that the reaction of the sap 
obtained by these methods is not materially altered by phosphatic treatment 
or reaction of the culture solution in the range used. The buffer action of 
the sap, as determined by electrometric titration of the usual type, is mark- 
edly influenced, however, on the alkaline side but not on the acid side. This 
difference may be correlated with the amount of phosphate in the cell sap. 

The phosphate of this sap is related to the phosphate of the culture solu- 
tion, but there seems to be no direct proportionality. The results indicate 
that the phosphate of the sap is approximately constant when the medium 
contains between 0.5 ppm. P0 4 and 50 ppm. P0 4 . When the culture solu- 
tion is more dilute with respect to phosphate the sap seems relatively 
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constant at about 800 ppm. P0 4 . The non-sap phosphate of the plant does 
not seem to be related to the concentration of the culture solution. Again, 
the close approximation of volumetric and colorimetric methods in prac- 
tically all eases suggests that the sap phosphate is inorganic in nature, or is 
very loosely combined. 

A relatively complete analysis of the sap from cultures 10 and 11, experi- 
ment 3, enables a calculation of the reaction values. These results indicate 
a considerable excess of base, suggesting that an organic anion must play 
an important part in the sap of the plant. What part this anion may con- 
tribute to the buffer system of the plant is a matter of conjecture at present, 
but it seems probable that phosphate plays an important role in counter- 
acting any change on the alkaline side. 

Discussion of results 

It is unfortunate that the results reported in this paper are too meager 
in quantity to allow the formulation of definite conclusions or generaliza- 
tions. Much further study, involving the use of many different varieties 
of wheat and different types of plants, and a more extensive exploration 
of the effects of lower concentrations of phosphate, will be necessary before 
these ends are attained. The method of attack seems worthy of mention 
to investigators in plant physiology and it is hoped that the suggestions 
obtainable from the results may assist in future researches. 

As yet no one has been able to solve the problem of the phosphate 
nutrition of plants. That phosphate is absorbed from very dilute solutions 
in the soil is recognized, so it will be necessary to explore a similar range 
of concentration in the study of the question from a natural aspect. 
Obviously the use of solutions supplying phosphate at the rate of several 
hundred parts per million obscures the problem rather than elucidates it. 
In soil cultures it is impossible to evaluate any action of the roots on the 
solid phase, so the investigator must resort to solution cultures to obtain 
information concerning minimal concentrations and optimal concentrations. 
In these experiments the soil cultures proved valuable in indicating that, 
in the neutral soils used, the composition of the displaced solution gave the 
approximate composition of the physiological soil solution with respect to 
phosphate, and also in indicating the range of concentration which it would 
be profitable to study. Other investigators, Parker and Tidmore (11), 
von Wrangell and Haase (17), and a host of others, have published data 
showing that soils in other parts of the world afford a similar range in 
concentration of phosphate in the soil solution. 

The data here reported, obtained from both soil and solution cultures, 
indicate that one part per million of phosphate in the soil solution, if main- 



TABLE VII 
Experiments 1, 2, and 3 

Flowing solution cultures. Analysis or sap expressed from tops or wheat plants grown in constantly flowing solution, 
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tained, is adequate for the growth of Pusa 4 wheat under the conditions of 
the experiments. 

A comparison of the results of soil and solution cultures (tables IV and 
VI) leads to the conclusion that, in these neutral, highly buffered soils, the 
displaced solution represents the physiological soil solution. Apparently 
the carbonic acid of the roots is neutralized immediately by calcium car- 
bonate or other reactive components of the solid phase of the soil, prevent- 
ing a change in the reaction sufficient to affect the solubility of the soil 
phosphates. This conclusion is supported by the results obtained from soil 
33 in comparison with soil 33a (table IV). The addition of a considerable 
quantity of very finely ground rock phosphate which did not affect the soil 
solution appreciably, did not increase the absorption of phosphate by the 
wheat plants. Had carbonic acid played any appreciable part under these 
conditions the absorption would have been considerably augmented. 

In the soil cultures, calcium in the soil solution is recognized as an agent 
active in the retardation of the solution of solid phase phosphate under a 
vigorously growing crop (table V). However, to account for the range in 
phosphate concentration in different soil types of the same reaction, it is 
necessary to consider other factors besides the concentration of calcium in 
the soil solution. That the nature of the solid phase phosphate is very 
important is indicated by the behavior of soil 33 (table III). The added 
phosphate was largely precipitated to form a solid phase compound yielding 
the same concentration of phosphate in the soil solution with or without a 
growing crop; and this concentration could not in any way be related to 
the concentration of phosphate in the original soil solution. This also did 
not vary under the action of a heavy crop. 

It is permissible to study the results of the solution culture experimen- 
tation in greater detail. It must be admitted at the outset that the plants 
receiving 0.5 ppm. P0 4 , culture 6, experiment 2, table VI, were spindling 
and made growth similar in amounts to those plants receiving 0.05 ppm. 
P0 4 and 0.1 ppm. P0 4 . The composition, however, was comparable with 
the controls receiving 5.0 ppm. P0 4 . No explanation is apparent at present. 
Further experimentation is necessary in this range of concentration between 
0.1 ppm. P0 4 and 1.0 ppm. P0 4 . 

Other cultures indicated the same conclusion as did the soil cultures 
and substantiated the conclusion of Schloesing fils (13) referred to above. 
Below 1.0 ppm. P0 4 in the culture solution the absorption of phosphate by 
these plants was seriously affected. The composition (with respect to phos- 
phate) of the expressed sap and the dry matter of the plants grown in 
solutions containing less than 0.5 ppm. P0 4 differed greatly from that of 
others receiving the more liberal concentrations. And the composition of 
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the plants, expressed in these terms, appeared to be approximately unaf- 
fected by the composition of the culture solution (with respect to phos- 
phate) between 0.5 ppm. P0 4 and 50 ppm. P0 4 for the high level, and 
between 0.5 ppm. P0 4 and 0.1 ppm. P0 4 for the low level. As regards 
total absorption per plant by the tops the same relationship holds except 
that 0.5 ppm. P0 4 in the culture solution allowed an absorption of phosphate 
intermediate between these groups. 

What does this mean ? 

It seems apparent that the composition of the plant is affected by the 
composition of the soil solution, or culture solution, but there is no direct 
proportionality. Doubling the concentration in the solution does not cause 
a proportionate increase in absorption as 0.05 ppm. P0 4 gave results com- 
parable with 0.1 ppm. P0 4 . More emphatic is the fact that 5.0 ppm. P0 4 
(and even 1.0 ppm. P0 4 ) gave results strictly comparable with 50 ppm. 
P0 4 when one considers the amount of growth and tillering, the total phos- 
phate absorbed, the percentage composition of the dry material, the com- 
position of the expressed sap with respect to phosphate, and the buffer 
qualities of the sap. If there is a range of direct proportionality it is sug- 
gested that it will be limited to a relatively narrow range between 0.1 ppm. 
P0 4 and 1.0 ppm. P0 4 in the culture solution. It is significant that this 
is a range very common to the soil solution and is deserving of further 
attention. 

Contributing factors of great importance need consideration and control. 
Varietal differences provide a field for exploitation and it is very possible 
that the results reported in this paper would be somewhat different if other 
varieties were used. 

Different types of plants exist and are physiologically different in their 
behavior in soils. Will these differences be as apparent in solution cul- 
tures? Seasonal differences cannot be eliminated on a large scale at 
present. In this investigation similar controls were used in all three experi- 
ments involving the solution culture and a study of table VI shows that 
growth, the absorption, and the time taken to reach a given stage of 
maturity are dependent in some degree on seasonal conditions. 

The question of the effect of phosphate on the “earliness” of wheat is 
raised by the results of the solution culture experiments. It is generally 
accepted that phosphate hastens maturity under field conditions. The 
figures in table VI do not support the field results for some reasons not yet 
understood. Various possibilities may be mentioned among which are 
varietal differences; greenhouse conditions may not be comparable with 
field conditions; the action of the phosphate in the field may be indirect 
and due to the changed fertility of the soil. 
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Criticism may be levelled at these experiments on account of the period 
of harvesting. Field workers agree that with cereals the period of “flow- 
ering** is the most reliable index of the period of ripening and is much 
easier to determine than is the stage called ripeness. The work of Wiebe 
( 18 ) with oats may be cited in support of this contention. 

Summary 

1. Wheat plants were grown in soil cultures and in flowing solution 
cultures in an attempt to study the absorption of phosphate. 

2. The composition of the soil solution, especially with regard to phos- 
phate, was determined by analysis of the displaced solution. In the several 
soils studied the concentration varied from 0.15 ppm. P0 4 to about 10 ppm. 
PO*. The behavior of the phosphate under the influence of a crop of wheat 
was studied by comparison with uncropped controls. 

3. Flowing solution cultures were used to maintain the concentration of 
phosphate. Concentrations from 0.05 ppm. P0 4 to 50 ppm. P0 4 were 
studied in a series of three experiments. 

4. While the absorption of phosphate was affected by the concentration 
of the soil or culture solution with respect to phosphate, there was no direct 
proportionality. 

5. The data indicate that there were two categories under the conditions 
of these experiments : 

(a) Vigorous growth with tillering and high absorption of phosphate 
between 1.0 ppm. P0 4 and 50 ppm. P0 4 in the culture solution. 

(b) Small growth with greatly reduced tillering and low absorption of 
phosphate between 0.05 ppm. P0 4 and 0.1 ppm. P0 4 in the culture 
solution. 

The amount of growth of tillering, and quantity of phosphate absorbed 
by the plants in each group were remarkably similar. 

6. If a region of direct proportionality exist, it is suggested that it will 
be in the range between 0.1 ppm. P0 4 , and 1.0 ppm. P0 4 — the range most 
commonly met with in soil solutions. 

7. The composition and buffer qualities of the expressed sap were re- 
flected by the total absorption of phosphate. Phosphate was effective in 
buffering against alkali, but the concentration of phosphate had no observ- 
able effect against acid. An excess of base in the expressed sap suggested 
the presence of an organic anion. 

8. The non-sap phosphate of the plant showed no proportionality to the 
concentration of phosphate in the culture solution or in the expressed sap. 

9. The displaced solution of the soils studied, neutral and highly buf- 
fered in character, represented the physiological soil solution with respect 



TEAKLE : ABSORPTION OP PHOSPHATE 


281 


to wheat. Id these soils the concentration of phosphate in the soil solu- 
tion was dependent on the nature of the solid phase rather than cm tile com- 
position of the soil solution. 

Department or Agriculture, 

Perth, Western Australia. 
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THE EXTRACTION OF NITROGENOUS MATERIALS FROM 

PEAR TISSUES 

F. B. Lincoln and A. S. Mulay 

Three problems have been investigated in connection with removing the 
nitrogenous compounds from pear tissues: first, a suitable method for 
preservation of tissues previous to such an extraction ; second, methods for 
obtaining an aqueous extract; third, the nitrogenous fractions found in 
expressed sap. In general the total N extracted has been divided into 
proteins and non-proteins, which because of the lack of exact separation 
are referred to as 4 ‘proteins’ ’ and “non-proteins.” Apple and spinach 
tissues were also included in the investigation for the purpose of com- 
parison. As it was not possible to demonstrate the presence of nitrates 
in such pear tissues as were used, the simple Gunning method for the deter- 
mination of total nitrogen of the A. 0. A. C. was used in all cases. For 
the sake of brevity reference has been made to previous work in this field 
only when it seemed necessary. 

I. The influence of preservation on distribution and extractability of 
nitrogenous materials of pear tissues 

The treatments investigated were of two types: (1) those which kill — 
such as desiccation, freezing, and the use of chemical cytolizing agents; 
(2) treatments permitting the tissues to remain alive, such as moderately 
low temperatures. Besides these treatments, which were intended to 
minimize chemical change, others were tried which were considered not to 
be so favorable. These latter were intended to show the influence of two 
disturbing factors, autolysis, and heat coagulation of the proteins. The 
several maltreatments used were the storage of minced tissues, the incuba- 
tion of such tissues, and the exposure to coagulating temperatures during 
desiccation. 

Materials and methods 

The leaves used were of the Beurre Hardy variety collected in the early 
summer. The other tissues were bark and wood from the basal portion of 
vigorous-growing Bartlett shoots. The investigation covered a period of 
two years. The second year the same tissues were used but the N content 
of all was higher because the samples were taken from younger trees. The 
leaves for 1928 appeared to contain more N because the petioles were not 
included. Usually bark and wood were separated from each other at the 
beginning of the various treatments. In one case the twigs were frozen 
with the bark on the wood, and the separation made after thawing. 
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. Desiccation 

The general method employed was to subject a sample of tissue to some 
preservation treatment and then to measure the influence of the treatment 
by its effect on the “non-proteins” and the total extractable nitrogen. The 
procedure followed in obtaining these fractions will be reported later in 
this paper. 

Samples were dried at two temperatures, 50° and 85° C. These tem- 
peratures were chosen because Thomas (7) and others had found the former 

TABLE I 
Pear leaves, 1927 

All values are expressed as per cent, of total N in the sample 
Total nitrogen = 1.94 per cent, of dry weight 


Lot 

Treatment 

Total N in 

FILTRATE 
* * NON-PRO- 
TEIN , 9 

Total N in 
IRON PRECIPI- 
TATE i * PRO- 
TEINS^ 

Total N 
extracted 



per cent . 

per cent. 

per cent. 

L 1 

Fresh 

3.4 

25.5 

28.9 


Fresh 

3.8 

29.0 

32.8 

L 2 

Dried 50° C. 

5.05 

22.1 

27.15 


Dried 50° C. 

4.4 

25.6 

30.0 

L 3 

0° c. 1 week 

3.18 

29.8 

32.98 

L 4 

4-5° C. 1 week 

3.26 

30.2 

33.46 

L 5 

4-5° C. 4 weeks 

6.58 

30.4 

36.98 

L 6 

7° C. 2 weeks 

3.48 

21.1 

24.58 

L 7 

4-5° C. 1 week 





(mineed) 

2.48 

15.15 

17.63 

L 8 

Minced, kept at room 





temp, for 24 hours 





and then dried at 





50° C. 

5.15 

14.9 

20.05 

L 9 

-23° C. 8 weeks 

3.6 

28.9 

32.5 

L10 

Frozen (liquid air) 

2.57 

16.9 

19.47 

Lll 

Ether 

3.16 

10.12 

13.28 

L12 

Incubated 37° C. 4 days 

4.86 

7.84 

12.75 


Pear leaves, 1928 




Total nitrogen = 

: 2.808 per cent, of dry weight 




per cent. 

per cen t. 

per cent. 

L13 

Fresh 

3.4 

37.58 

40.98 

L14 

Minced. Incubated 24 





hrs. 

3.4 

20.7 

24.10 

L15 

Dried at 50° C. 

5.0 

42.5 

47.50 

L16 

Dried at 85° C. 

3.58 

3.50 

7.08 
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to be quite satisfactory, and the latter was supposed to be high enough to 
show the injurious effects of temperature. Pan ventilated ovens were used 
and even at 50° C. most of the moisture was removed in the first three hours. 
It may be stated that moisture determinations made at 50° C. on these 
materials were found quite reliable; with an increase in temperature to 
100° only about an additional 1 per cent, of moisture was given off. 

From the data presented in tables I, II, and III, the influence of drying 
at 50° C. may be seen by comparing the data from desiccated and fresh 
samples (L2, L15, B2, Bll, W2, W12). In leaves, drying increased the 
filtrate nitrogen, the “protein” extracted being about the same as that 

TABLE II 
Bark, 1927 

All values are expressed as per cent, op total N in the sample 
Total nitrogen = 0.8008 per cent, op dry weight 


Lot 

Treatment 

Total N in 

FILTRATE 

1 * NON -PRO- 
TEIN 9 9 

Total N in 

IRON PRECIPI- 
TATE * * PRO- 
TEINS ' 9 

Total N 

EXTRACTED 



per cent. 

per cent. 

per cent. 

B 1 

Fresh 

8.63 

11.15 

19.78 

B 2 

Dried at 50° C. 

8.73 

16.35 

25.08 

B 3 

— 23° C. 1 week 

7.1 

8.63 

15.73 

B 4 

-23° C. 1 week (un- 





separated from 


1 



wood) 

10.29 

I 10.29 

20.58 



Bark, 1928 




Total nitrogen = 

1.022 PER CENT. 

OF DRY WEIGHT 




per cent. 

per cent. 

per cent . 

B 5 

Fresh 

8.55 

17.35 

25.9 

B 6 

Frozen and thawed 24 





hrs. 

10.12 

13.78 

23.9 

B 7 

Unseparated from wood 





frozen 

13,8 

21.6 

35.4 

B 8 

Ether 

7.3 

15.8 

23.1 

B 9 

Minced and kept for 





24 hours, 20° C. 

5.8 

21.3 

27.1 

B10 

Minced and kept for 





24 hours, 20° C., then 





dried at 50° C. 

4.64 

1.38 

6.02 

Bll 

Dried at 50° C. 

8.6 

22.1 

30.7 

B12 

Dried at 85° C. 

9.54 

9.86 

19.4 
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TABLE III 

* 

Wood, 1927 

All values are expressed as per cent, of total N in the sample 
Total nitrogen = 0.539 per cent, of dry weight 


Lot 

Treatment 

Total N in 

FILTRATE 
‘ ' NON-PRO* 
TEIN f * 

Total N in 

IRON PRECIPI- 
TATE * 4 PRO- | 
TEINS 9 9 

\ 

Total N 

EXTRACTED 



per cent. 

per cent . 

per cent . 

W 1 

Fresh 

14.5 

8.63 

23.13 

W 2 

Dried at 50° C. 

15.65 

8.00 

23.65 

w a 

-23° C. 1 week 

15.2 

10.63 

25.83 

W 4 

-23° C. 1 week (un- 





separated) 

16.6 

10.4 

27.00 

W 5 

Minced — incubated at 





37° C. for 4 days 

18.85 

11.1 

29.95 


Wood, 1928 

Total nitrogen = 0.868 per cent, of dry weight 


W 6 

Fresh 

per cent. 

16.2 

per cent. 

12.2 

per cent. 

28.4 

W 7 

Frozen and thawed 
for 24 hours 

17.4 

18.4 

35.8 

W 8 

Frozen unseparated 
from bark 

17.1 

20.0 

37.1 

W 9 

Ether 

16.4 

19.7 

36.1 

W10 

Minced and kept 24 
hours at 20° C. 

10.9 

19.7 

30.6 

Wll 

Minced and kept 24 
hours at 20° C. then 
dried at 50° C. 

12.5 

3.0 

, 15.5 

W12 

Dried at 50° C. 

16.4 

17.8 

34.2 

W13 

Dried at 85° C. 

15.3 

11.1 

26.4 


from the fresh sample. In wood the difference was not so marked, and in 
bark the yields were about the same for both . treatments. The results 
showed that drying bark and wood at 50° C. was very satisfactory. Why 
this treatment apparently caused hydrolysis of proteins in the leaves, as 
evidenced by the increase in the “non-protein” fraction, is not known. 

The temperature of 85° C. (L16, B12, W13), as was expected, reduced 
the amount of “ protein’ ’ extracted. This effect was evident in all the 
extracts, with a striking reduction in the leaf and bark samples. The 
higher temperature seemed to give a truer picture of the “ non-protein ’ ’ N 
in leaves than did drying at 50° C. while the same fractions in bark and 
wood were influenced slightly in the direction opposite to each other. 
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The use of 85° may have its place in experiments where only total N 
and “non-protein” fractions are under consideration. It has the advan- 
tage that killing and dehydration are more rapid. 

Desiccation must have favor in cases of long periods of storage and, 
what is also very important, dried samples of wood tissues allow easier 
disintegration by grinding, and also permit the use of sieves for the grading 
of the ground materials. 

Freezing 

Freezing is often a very convenient method for rapidly limiting chemical 
changes, particularly when samples are to have juices expressed from 
them. The samples in this experiment were placed in glass containers 
and were stored for varying lengths of time at -27° C. in a cold storage 
room. In this way leaves were kept in an unaltered condition for 8 weeks 
(L9). They retained their green color until the sample was thawed. Bark 
and wood held at this temperature for one week showed only slight changes 
(B3, W3). Freezing may have a disadvantage in that the tissue is left 
dead and at the same time full of water, which may permit many changes 
to take place upon thawing. Nightingale, Robbins, and Schermerhorn 
(5) report changes in nitrogen fractions of sweet potato roots due to thaw- 
ing at 2° C. for 12 hours. To get the full effect of the possible changes 
during and following thawing, wood and bark samples which had been 
frozen were allowed to stand in their containers at room temperature for 
24 hours before they were ground and extracted (B6, W7). While this 
treatment is extreme, the changes effected in the N fraction here determined 
were surprisingly small in the wood, but in the bark some hydrolysis had 
occurred, yet not so much as was expected. 

Delaying the separation of bark from the wood until after thawing of 
the tissues was tried both years, with similar results (B4, B7, W4, W8), an 
increase in all nitrogen fractions. These results appear to be similar to 
those obtained with frozen samples subjected to a long period of thawing 
(B6, W7) rather than to separate samples of frozen bark and wood, which 
were ground and extracted without a long period of thawing. As the time 
required for the separation of the bark from the wood of the frozen samples 
was very short, there is no explanation to offer for this resemblance. Dur- 
ing freezing and thawing there is a movement of water out of the sample 
to its surface and then back again to the interior. How much this trans- 
location of water is accompanied by the movement of solutes is not known. 

Cold non-freezing temperatures 

Moderately cold temperatures, 0° C. to 7° C., preserved fresh leaves 
well for a week or two (L3, L4, L6). Holding at 4° C. (L5) for a month 
resulted in an increase of “non-protein” N. Even after this long period 
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the sample was free, from mold and had retained its full green color. 
Preservation at these temperatures has the advantage of keeping the tissue 
alive and at the same time greatly reducing chemical changes. 

Chemical reagents 

Ether has long been used to make cells permeable, so that their liquid 
contents could be more easily extracted. This reagent seemed to affect the 
extractable protein fraction of different tissues differently; there was a 
marked reduction in leaves (Lll), slight reductions in bark <B8), and an 
increase in the wood (W9). In the same samples ether treatment did not 
greatly influence the “non-protein” fraction although there may have been 
a reduction of it in the bark. The ether treatment was not exactly alike 
in the various samples. The leaves were immersed in ether, while with 
bark and wood 25 ml. of ether was placed in a quart jar and only the vapor 
came in contact with most of the tissue. 

Liquid air has been effective in other studies in making tissues permeable. 
In this experiment (L10) it reduced both nitrogen fractions in the treated 
leaves. 

Maltreatments 

El Sawy (3) has reported the effects of injury to pear tissues resulting 
from cutting shoots into short lengths. The effect was a rapid hydrolysis 
of polysaccharides accompanied by an increase in respiration. In the 
present investigation several treatments were made in which the tissues 
were minced in a food chopper. The minced tissues were then kept at 
room temperature for a day in closed glass containers. As a result of this 
severe treatment leaves (L14) showed a decrease in extractable “proteins.” 
Bark and wood (B9, W10) acted alike, but contrary to leaves; they showed 
a decrease in the “non-protein” fraction and an increase in proteins. 
When portions of the minced tissue were dried at 50° C. (L 8, BIO, Wll) 
there was a great reduction of extractable “protein” N. 

A sample of minced leaves was kept for a week at 4° C. (L7) resulting 
in a marked reduction of both fractions of extractable N. It is not clear 
why injury should so often be accompanied by a reduction in “non-protein” 
N. This sample was tested for free ammonia and no volatile alkali was 
found. 

When leaves and wood were minced and suspended in water, covered 
with toluol, and incubated at 37° C. for 4 days, some slight hydrolysis took 
place (L12, W 5). This change was very much less than was expected, 
assuming that the conditions were quite favorable for autolysis. * These 
experiments, taken with those where a long period of thawing was used 
(B6, W7), give some idea of the effects of enzymes present in the tissue 
when allowed to act for a moderate period. They are very feeble when 
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compared with the effects of added animal enzymes. Some data showing 
the effect of enzymes present in leaf tissue are given by Chibnall (1). 
From these data it appears that their action may last for only a short time. 

The effect of maltreatment by overheating of “proteins” is found in 
the samples dehydrated at 85° C. With leaves and bark (L16, B12) the 
“protein” fraction was markedly reduced in extracts of heated samples. 

Apple tissues 

Apple tissues of McIntosh variety were collected in the middle of the 
summer and subjected to the treatment while fresh. The results are found 
in table IV. It will be seen that the N fractions extracted from the differ- 
ent tissues are in the same relation to each other as they are in the extracts 
of pear tissues. The striking difference is that much more of the N of 
apple tissues is extracted from each of the various tissues. 

TABLE IV 
Apple tissues 

All values are expressed as per cent, of total N in the samples 


Treatment 

Total N in filtrate 
* * non-protein * * 

Total N in iron 
precipitate 

* * PROTEINS ' ' 

Total N in 
extract 


per cent . 

per cent . 

per cent . 

Fresh leaves 

6.65 

36.65 

43.3 

Fresh bark 

; 

12.12 

32.78 

44.9 

Fresh wood 

35.9 

13.7 

49.6 


When preservation must be resorted to there are several procedures 
which will give results quite similar to fresh tissues. These are dehydra- 
tion at 50-55° C., storage at 0° C. or a few degrees above for short periods, 
or freezing when a longer storage period is necessary. If the “protein” 
fraction is not to be extracted, drying at temperatures of 80-85° C. will 
stop changes rapidly. Samples should be preserved with as little mincing 
as possible since injured tissue may change rapidly. 

How best to preserve plant material for chemical analysis is still an 
open question. The answer to this question depends somewhat on the 
investigation and the equipment available for it. Facilitation of work 
may be of more importance than extreme exactness ; and if fresh material 
can not be used, circumstances will determine the method of preservation. 
Thus, if storage is to be for a long time or if firm tissues must be dis- 
integrated, drying is likely to be the best method. Low temperatures have 
their place where sap concentrations are of chief interest. It should be 
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remembered that different parts of a plant may not all preserve equally 
well by a given method and also that any organ may so change its com- 
position or nature during the season that the same method may not give 
equally reliable results at all times. The present study aims to show the 
types and magnitudes of changes that may be introduced by preservation, 
and will help to determine the dependability of results obtained by the 
different methods. 

II* Methods for the extraction of cytoplasmic nitrogen 

Generally only 10-25 per cent, of the total N of pear tissues is soluble 
in the expressed sap, and is almost wholly in a “non-protein” form. The 
present study was undertaken to see how much of the remaining insoluble 
N could be made soluble or peptized in water. The procedure was to 
extract the very finely divided tissue with water containing different ions, 
or to hydrolyze with acid or animal enzymes. There are at least three 
disturbing factors to such extractions: (1) the acidity of the tissue, (2) 
naturally contained tannins, and (3) the inability to get the tissues abso- 
lutely disintegrated. The latter is best accomplished by drying the tissues 
at 50° C., grinding them coarsely in a mill and completing the grinding 
to a powder in a ball mill. When such leaf powder was examined under 
the microscope it was found that most of the cells were completely broken 
apart. Only a few bits of tissue of several cells each remained ; these were 
portions of the harder tissues composed of smaller cells. 

There is considerable uncertainty regarding the action of the tannins 
present in pear tissues. They seem to be present; for expressed sap will 
cause precipitation in a gelatin solution, and will also give the color reac- 
tions of tannins. However, when tannic acid was added to water extracts 
of pear tissues, table VIII, it did not increase the amount of N in the 
precipitate over the amount caused by the acid used to adjust*the reaction 
for the precipitation by tannins. Tannin-protein complexes are soluble in 
alkaline solutions, which may account for the peptizing effect of alkaline 
solutions in these studies. On the other hand, spinach, which very likely 
contains no tannins, responds like pear tissues when extracted with alkaline 
solutions. As the work proceeds and attempts are made to purify cyto- 
plasmic proteins perhaps some evidence of a tannin residue may appear. 
There is also the possibility that the inherent tannins do not precipitate 
cytoplasmic proteins. The extracts of pear tissues were in themselves so 
highly colored that it was not possible to apply tannin color reactions to 
them. Furthermore, combined tannins would not give the test had they 
been present. There was also the hope that in alkaline solutions the tannins 
would be oxidized by the air which was forced through the solutions by the 
mechanical stirrer, and in their oxidized form would not combine with the 
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proteins when the solutions were neutralized. The solutions did become 
dark in color, but the fate of the tannins is not known. 

Before the tissues can be subjected to a water extraction they should be 
disintegrated as completely as possible. This was accomplished by two 
methods. In the one the fresh tissue was ground with sand and water, and 
in the other the tissue was desiccated, ground, and then the powder ex- 
tracted with water. The first method was used in investigating the various 
procedures for preserving tissue reported previously in this paper. This 
was required because some of the samples had to be handled in the succu- 
lent condition for comparison with the dehydrated ones. 

The sand grinding method for fresh material is as follows : All samples, 
fresh, frozen, and dried, were ground with water, sodium carbonate, and 
sand, in a “Quaker City” corn mill. This mill is similar in principle to 
the Enterprise “Nixtamal” mill mentioned by several investigators. Gen- 
erally the materials were minced in a food grinder or a Wiley mill before 
grinding with sand and sodium carbonate. The procedure was to weigh 
out 200 grams of the minced sample, and add to it 25 grams of sodium 
carbonate and 150 or more grams of sand. These were ground together 
with water. Grinding was most effective when the sample was kept in a 
non-liquid pasty mass. The higher yields of precipitated N in 1928 were 
the result of using less water while the samples were being disintegrated. 
Grinding four times in the mill was generally sufficient to reduce the 
materials so that about 75 per cent, of the sample would pass through a 
100 mesh sieve. 

When grinding was complete, the material was stirred into about 1500 ml. 
of water, allowed to stand for an hour, and then separated from this water 
by centrifuging. The solid residue was washed with water four times and 
the extracts combined. The extracts were treated with toluol and kept at 
0° C. The time required for grinding, mixing, and centrifuging a sample 
was about three hours. It is believed that the amount of precipitable N 
extracted can be increased over the values here reported by vigorously 
agitating the ground material in water for 30 minutes or so before centri- 
fuging. The residue after washing was dried at 85° C. and again ground 
for sampling. Total nitrogen was determined in triplicate on the extract 
and the residue. 

The second method, using dry powder, is much more exact because the 
tissue can be disintegrated more completely and can be graded by the use 
of sieves and, wherever it can be used, it is recommended as superior to the 
previous method. It was used in attempts to get complete extraction of 
nitrogen, the results of which will be given further on in this paper. The 
method is essentially to suspend 10 grams of dry pulverized tissue in 250 ml. 
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of extracting solution, the suspension being agitated by a mechanical stirrer 
for two hours. At the end, the extracted tissue was collected by centrifug- 
ing. Table V gives the influence of temperature on extracting leaf powder 
with water. The time of these extractions was two hours. 


TABLE V 

Effects or temperature on extraction or nitrogen from leaf powder in water 


Temperature 

Total N in 
extract 

Total N in 
filtrate * * NON- 

PROTEIN ’ ’ 

Total N in precipi- 
tate ‘ 4 protein * ' 


per cent. 

per cent. 

per cent , 

” 20° C. 

17.45 

6.15 

11.3 

50° 0. 

14.9 

6.76 

8.14 

80° C. 

10.8 

8.65 

2.15 


The duration of the extraction has its influence, as may be seen from 
table VI, which presents the results of extraction of leaf powder with water 
made alkaline with sodium carbonate. Two hours was the time selected 
for all subsequent extractions. 

TABLE VI 

Effects of length of time of extraction on the nitrogen fractions of leaf 

POWDER 4- NA 2 CO g 


Treatment 

Total N 
in 

extract 

Total N in 
filtrate 
* * non-protein 1 7 

Total N in 
precipitate 
i * protein 7 1 


per cent . 

per cent . 

per cent. 

2 hours, no stirring 

27.80 

5.2 

4 22.6 

30 minutes, stirring — . 

43.1 

5.7 

37.4 

2 hours, stimng 

Residue from 2 hours, stirred a 

47.50 

5.0 

42.50 

second 2 hours 

3.0 




Protein and non-protein nitrogen 

While the interest here is to see how much of the ordinarily insoluble N 
of pear tissues could be peptized and extracted by various means, it is also 
worth knowing how much hydrolysis had accompanied each of the treat- 
ments. It was assumed that an increase in the “non-protein” N would be 
a measure of hydrolysis. This made it necessary to fractionate the N of the 
extracts into “protein” and “non-protein.” A good discussion of the 
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separation of proteins from their hydrolytic products is given by Thomas 
(8). He concludes that colloidal iron effects such a separation. 


TABLE VII 

Precipitation values on fresh leaf and frozen unseparated bark and wood, 1927, 

EXPRESSED AS PERCENTAGE OF TOTAL NITROGEN 


Na 2 CO* 

EXTRACT 

Total N 
in 

EXTRACT 

Heat 

COAGU- 

LATION 

Iron 

PRECIPI- j 
TATE 

Acip 

PRECIPI- 
TATE, pH 1 

Total 

PRECIPI- 

TATED 

Acid pH 1 

ON 

ORIGINAL 


per cent . 

per cent . 

per cent . 

per cent. 

per cent. 

per cent. 

Leaf 

29.0 

3.24 

5.19 

14.8 

23.23 

25.5 

Bark .... 

21.3 

9.87 

5.94 

3.56 

19.37 

10.65 

Wood .. 

| 24.5 

5.3 

6.5 

2.39 

14.19 

9.45 


In order to find out the amount of nitrogenous compounds which was 
precipitated from pear extracts by various means, some experiments were 
made using sodium carbonate extracts from fresh leaves, from bark, and 
from wood. The bark and wood had been preserved by freezing and were 
not separated from each other until thawed. These extracts were brought 
to pH 5, near the isoelectric point of many proteins, by the addition of 
hydrochloric acid. The acidity was estimated by indicator papers. These 
acidified extracts were boiled and the heat -coagulated materials collected. 
The liquid residue was treated with colloidal iron. The precipitate formed 
was collected and the liquid residue was further acidified to pH 1 and a 
third precipitate was obtained. The results of these fractional precipita- 
tions as well as the total amount of N precipitated are reported in table VII. 
Portions of the original extracts were made acid to pH 1 and a precipitate 
was obtained, the N content of which is reported in the last section of table 
VII. Prom this data it appears that heating, or use of colloidal iron re- 
moves N compounds from the extracts of wood and bark, which acid (pH 1) 
alone does not remove. It may be suggested that acid alone in this case 
does not precipitate the heat coagulated fraction. The same appears to be 
true for spinach, which is discussed later. The heating of bark extracts 
gave a very large volume of jelly which was only freed with difficulty from 
its soluble forms of N. 

Further experiments were carried out in 1928 in which alcohol, heating, 
strong acid, and tannin are compared as precipitating agents. The results 
are presented in table VIII. 

Here the amount of N precipitated by 65 per cent, alcohol compares very 
well with that brought down by strong acid (pH 1). However, in leaves 
and wood the acid is more inclusive. To use tannic acid the extract must 
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TABLE VIU 


PjBR CENT* OF 4 TOTAL N PRECIPITATED BY HEAT, ACID, AND ALCOHOL 


Tissue 

Total N 

IN EXTRACT 

Alcohol 

65 PER CENT. 

Heat 
pH 6 

pH 4 

pH 4 + 
taNni'n 

Acid 
pH 1 

JFresh wood 

“ bark - 

“ leaves 

* ‘ spinach 

Root wood (dry) — 

per cent . 

28.4 

25.9 

40.98 

89.2 

76.5 

per cent . 
12.1 

16.7 

22.95 

55.9 

16.2 

i 

per cent . 
4.15 
11.08 
8.78 
2.2 

per cent . 
5.8 
16.5 
11.9 

per cent . 
5.5 
14.7 

8.7 

per cent . 
12.2 
17.35 
37.58 
' 57.4 
19.4 


be made more acid, pH 4, for the precipitation, of proteins (7). Why the 
precipitation was not more complete when tannic acid was used is not 

TABLE IX 

Influence of pH series on the extraction of nitrogen from leaf powder 
All values are in terms of per cent, of total N in the sample 


pH I 

Reagent 

Total N 
in 

extract 

Total N in 
filtrate 
‘ * non-protein ’ ’ 

Total N in 
precipitate 
* ‘ protein ’ ’ 



per oent . 

per cent . 

per cent . 

1 

N/10 H,SO, 

15.8 

7.7 

8.1 

5 

Water 

17.45 

5.95 

11.50 

6 

N/10 NaOH 

19.35 

5.65 

13.70 

7 ‘ 

N/10 NaOH 

22.4 

4.6 

17.8 

9 

N/10 NaOH 

28.85 

3.7 

25.15 

12 

0.2N Na 2 CO, 

47.5 

5.0 

42.5 

13 + 

2N NaOH 

89.35 

18.5 

70.85 


X 


Boot wood series 

Influence of pH series on the extraction of nitrogen from root wood 
Total nitrogen = 0.414 per cent, of dry weight 
All values are in terms of per cent, of total N in the sample 


pH 

Reagent 

Total N 
in 

extract 

Total N in 
filtrate 

“NON-PROTEIN” ; 

Total N in 

PRECIPITATE 
* i PROTEIN * ’ 



per cent . 

per cent . 

per cent . 

1 

h*so 4 

56.4 

56.4 


5 

Water * 

38.85 

38.85 


12 

0.2N Na a CO, 

57.8 

56.8 

1.00 

13 + 

2N NaOH 

76.5 

57.1 

19.4 
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known. Iron is not effective without acidifying the extract, and to get a 
good yield the acidity must be increased to such an extent in these extracts 
that the acid alone becomes the. precipitating agent. From the present 
study it appears that acid (pH 1) is a very suitable precipitating agent 
and probably gives a fair measure of the colloidal proteins contained in the 
extracts. The question as to the purity of the precipitate is left for future 
investigation. 

Spinach has been included in this investigation in order that the results 
obtained with pear tissues could be compared with the results obtained by 
others who have worked principally with annual plants, and plants free 
from tannins. Osborne and Wakeman (6) , working with a very different 
method of fractionation, report the colloidal proteins of spinach as being 
58.7 per cent, of the total N, and the non-protein, proteose, and heat coagu- 
latable fractions as 33.5 per cent. These figures compare very favorably 
with the values here obtained by the use of strong acid as a fractionating 
agent ; these values are 57.4 per cent, as acid precipitate, and 31.8 per cent, 
as filtrate N (table X). 

TABLE X 

Spinach series 

Total nitrogen = 3.56 per cent, of dry weight 


Treatment 

Total N 
in 

EXTRACT 

Total N in 

FILTRATE 

1 * NON-PROTEIN , * 

Total N in 
precipitate 
‘ ‘ protein 7 7 


per cent . 

per cent . 

per cent . 

Fresh, H*0 . 

89.2 

31.8 

57.4 

Dried, H,SO, 

42.0 

42.0 


i 1 , water 

57.1 

35.8 

21.3 

t( K tartrate 

48.8 

34.6 

14.2 

“ Naj.CC), 

60.5 

31.9 

29.0 

“ “ (duplicate) . 

60.9 

27.6 

32.9 

“ NaOH 

84.0 

35.8 

48.2 

* ‘ alcohol 

23.3 

23.3 



Chibnali. and Grover (2) reported “non-protein” N of spinach leaves 
as 26.7 per cent, which is about the same as was reported by Osborne and 
Wakeman ( 6 ). In both of these cases the heat coagulable N is not in- 
cluded, which fact probably accounts for the percentages being lower than 
for the filtrate after acid precipitation (here called “non-protein” N), 
which is 31.8 per cent. Chibnall and Grover (2) and Osborne and Wake- 
man (6) report 37 per cent, of the N not extracted. In the present investi- 
gation, owing perhaps to better disintegration of the sample, only about 10 
per cent, of the N remained unextracted. The method used on the fresh 
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spinach was the (me already described with the exception that no sodium 
carbonate was used. 

The “non-protein” N fraction was increased from 33.5 per cent, to 43.6 
per cent, in the investigations of Osborne! and Wakeman ( 6 ) by drying at 
60° C. In the present study the increase caused by drying was less, being 
from 31,8 per cent, to 35.8 per cent., but at the same time the amount of ex- 
tractable “protein” was reduced about two-thirds. Osborne and Wake- 
man (6) showed no such reduction and stated that dried material was 
equivalent to fresh. They determined their colloidal proteins by difference 
rather than by actual determination. That drying is effective in decreasing 
extractable “proteins” is confirmed by Chibn all's work on Runner beans 
(1) in which air drying decreased the extractable colloidal “proteins” 
about one-half and at the same time the soluble “non-protein” fraction 
changed from 24 per cent, to 39 per cent. 

Influence of hydroxyl ion 

Having set forth and discussed the procedure for the separation of i 1 pro- 
tein” from “ non-protein” materials, we shall now return to the attempt to 
secure a more complete extraction of nitrogenous compounds. 

The influence of alkalinity on the peptization of cytoplasmic proteins is 
shown in table IX. Here leaf and root wood powders were extracted with 
water and electrolytes chosen to give different hydroxyl ion concentrations. 
No effort was made to buffer the solutions. The reactions reported were de- 
termined by indicator papers as far as possible, the tests being made before 
and after agitation. The results show that alkalinity is a most important 
factor in extracting “ proteins' ’ from these tissues. Table X shows that the 
same is true for spinach tissue. Some hydrolysis took place in all tissues 
with the stronger concentrations of acid and base, the hydrolysis being very 
marked with strong sodium hydroxide acting on leaf powder. With spinach 
leaves sulphuric acid caused the most hydrolysis. It is not known what sig- 
nificance to attach to the fact that the lowest “non-protein” value (3.7 per 
cent.) occurs at pH 9 and that the value increases as the reaction goes in 
either direction, above or below pH 9. The reaction also has an important 
effect on the “non-protein” fraction in root wood and spinach. 

Salt series 

Gortner, Hoffman, and Sinclair ( 4 ) report a very interesting experi- 
ence with the effect of neutral salts in the extraction of proteins from wheat 
flour. They found that the anions were very important and can be arranged 
according to effectiveness in the following order. P < S0 4 < Cl < Tar- 
trate < Br < I. Of the cations they used, sodium and potassium were the 
least effective and calcium the most. Table XI shows the effect of some 
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neutral salts in 0.1 N concentrations on the extraction of “proteins” from 
pear leaves. The series from these results would be SO« < I < oxalate < 
tartrate. If it is assumed that potassium chloride would act similarly to 
sodium chloride then chloride would appear to be less effective than sul- 
phate. In this study sodium was far better than calcium when they were 
used as chlorides. Calcium salts, even calcium hydroxide in a saturated 
solution, gave the poorest yields of any salts used. The effects of the ions 
of neutral salts are quite aside from the effects of hydroxyl ion concentra- 
tions, and are quite ineffective in peptizing cytoplasmic nitrogen when com- 
pared with the activity of hydroxyl ion. 

TABLE XI 

Influence of salt series on extraction of nitrogen from leaf powder 
All values are in terms of per cent, of total N in the samples 


Salt used, 

N/10 

Total N 

IN 

EXTRACT 

Total N in 
filtrate 

‘ * NON-PROTEIN , 9 

Total N in 

PRECIPITATE 
* * PROTEIN * 9 


per cent . 

per cent . 

per cent . 

K Tartrate ... 

24.05 

6.05 

18.00 

K Oxalate 

24.7 

7.4 

17.3 

KI ..... . 

22.0 

6.2 

15.8 

k,so 4 

20.0 

5.9 

14.1 

NaCl 

16.5 

7.0 

9.5 

CaClj 

7.75 

6.3 

1.45 

Oa(OH) a 

17.25 

9.85 

7.40 


Tartrate, the best of the anions of neutral salts, when used in the extrac- 
tion of N from spinach leaves was also quite inactive, whten compared with 
the effectiveness of alkaline solutions. It is shown here that the anions of 
neutral salts differ from one another in their effectiveness to extract cyto- 
plasmic proteins, but all of them are much inferior to hydroxyl ion in their 
yield of total extractable N. The ability or inability of various ions to 
peptize cytoplasmic proteins may through extensive study give an insight 
into some of the properties of the N constituents of protoplasm. 

Hydrolysis 

So far the best treatment for extraction of nitrogen had been 2N sodium 
hydroxide, which, in the case of leaf tissue, had extracted about 90 per cent, 
of the N. The question arose as to whether the extraction could be rendered 
more complete by means of hydrolysis. Proteolytic enzyme was obtained 
by the digestion of a fresh pig’s stomach. The procedure was to digest 200 
gm. of stomach in a liter of water at pH 2, for 24 hours at 45° C. For 
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digestion of a leaf sample, 15 ml. of this digestion liquid was used to 10 gm. 
of leaf powder in 250 ml. of water. The reaction and temperature used 
were the same as for the previous digestion. The hydrolysis was carried out 
for two periods of time, 2 hours, and 18 hours. Controls were run with pear 
tissue in water at pH 2 for the same periods of time. In the shorter period 
63.5 per cent, of the N was made soluble, while the acid control for the same 
length of time gave 21 per cent, of the N in solution. In 18 hours the ani- 
mal enzyme had rendered soluble 68 per cent, of the total N, and the acid 
control had done nearly as well, making 60.5 per cent, of N soluble. In the 
sample hydrolyzed for the shorter period it was found that not all of the 
sample had been thoroughly dispersed. It is quite possible that if it had 
not been for this mishap, hydrolysis would have proceeded as far in 2 hours 
as it did in 18 hours. 

It is interesting that the acid control for 18 hours yielded nearly as 
much soluble N as did the animal enzyme. This may indicate activity of the 
leaf enzymes, for the hydrogen ion concentration in itself was hardly suffi- 
cient to accomplish such hydrolysis at the temperature used. 

An acid hydrolysis with 18 per cent, hydrochloric acid for 24 hours on 
a steam bath made 75.6 per cent, of the N soluble, which is slightly better 
than the results with the animal enzyme. 

Practically complete extraction of leaf N was accomplished by first ex- 
tracting with 70 per cent, hot alcohol containing 1 per cent, acid, which gave 
74.9 per cent, soluble N. This was followed by a sodium hydroxide extrac- 
tion for three days at 40° C. which yielded a further 23.5 per cent., making 
the total N extracted 98.4 per cent. 

Table XII gives an idea of the extractability of the nitrogenous com- 
pounds of the different tissues with 0.2 N sodium carbonate solution. 


TABLE XII 

Total nitrogen in Na CO extract or samples dried at 50° C. 

2 3 


Tissue 

Total N in 

EXTRACT 

Total N in 

FILTRATE 
* * NON-PROTEIN 9 1 

Total N in 
precipitate 

4 * PROTEIN 9 9 


per cent 

per cent . 

per cent . 

Leaves 

47.50 

5.0 

42.50 

Bark 

30.7 

8.6 

22.1 

Wood 

34.2 

16.4 

17.8 

Root wood .. 

57.8 

56.8 

1.0 

Spinach 

60.9 

31.9 

29.0 
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III Distribution of nitrogen in expressed sap 

In table XII it is seen that the different tissues of the pear tree, namely, 
leaves, shoot wood and bark, and root wood, are very different in their N 
contents and are strikingly unlike in the distribution of their “protein” 
and “ non-protein” fractions. The difference between these tissues in their 
“ non-protein” N would lead one to believe that the cells of these tissues 
must be functioning with quite different concentrations of the materials 
that go to make up the “ non-protein” fraction. The opportunity to see 
what might constitute some of these differences was offered by the materials 
remaining from another investigation, which had required the collection of 
samples during the winter, and from which sap was expressed by a hy- 
draulic press. Bach) time that an excess sap was obtained it was saved and 
preserved at 0° C. with chloroform. The composites thus accumulated dur- 
ing the winter were analyzed for their N fractions. The sap was from bark 
and wood of the tops and roots of vigorous-growing six-year-old Bartlett 
pear trees. 

The N precipitated by colloidal iron was assumed to be protein N. The 
filtrate from the iron precipitation was precipitated with phosphotungstic 
acid. The N> thus precipitated when compared with a similar precipitation 
of a protein free sample subjected to acid hydrolysis with 20 per cent, hy- 
drochloric acid, gave the polypeptide N. The phosphotungstic acid precipi- 
tate after the acid hydrolysis gave the diamino acids. Mono-amino acid N 
was obtained by the usual Van Slyke method. Amide N was determined 
by hydrolyzing the filtrate from phosphotungstic acid precipitates for 2 
hours with 4 per cent. HC1 and distilling of ammonia after making the solu- 
tion alkaline with magnesium oxide. 


TABLE XIII 

Distribution or nitrogen in expressed sap 
All values are in terms or percentage total N in sap 


Tissues 

Total i 

CO. N /10 
ACID PER 
100 CC. 
or sap 

Protein 

N 

Poly- 

peptide 

N 

Diamino 

N 

Mono- 

amino 

N 

Amide 

N 

Residual 

N 

i 

Top bark . 

CC . 

49.5 

per cent, 
4.25 

per cent . 
16.77 

per cent . 
2.63 

per cent . 
45.0 

per cent . 
17.6 

per cent. 
13.7 

Top wood. . 

154.5 

4.30 

64.80 

6.60 

6.2 

3.1 

15.2 

Boot bark... 

42.5 

4.95 

33.92 

1.88 

31.6 

9.9 

17.9 

Root wood .. j 

154.5 

5.25 

49.99 

3.11 

19.7 

i 

3.9 

18.0 
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The data in table XIII show that the wood contained three times as much 
of its N in the sap as in the bark. The amount of protein is relatively 
small and quite similar in the sap of all the tissues. Nearly half of the N of 
wood sap is in the form of polypeptides, and the actual amounts in this 
tissue are very large for more of the wood N is in the expressed sap. The 
polypeptide N may amount to 25 per cent, of the total N of wood. The 
quantity of diamino acids is small. 

The bark while low in polypeptide and diamino N is very high in mono- 
amino acids ; and this may be the highest of all bark N fractions. The bark 
is also highest in amides, particularly the top bark. The relatively small 
figures for residual N show that the fractionation has been quite complete. 
The methods of fractionation are standard and the differences so marked 
that some positive differences in composition are here indicated. 

Department op Horticulture, 

University op California. 
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HEMICELLULOSE AS A STORAGE CARBOHYDRATE IN WOODY 
PLANTS, WITH SPECIAL REFERENCE TO THE APPLE 

A . E . M URNBBK 
(WITH FIVE FIGURES) 

After the removal of sugars and starch by commonly accepted methods 
from properly prepared woody plant tissues, there usually remains a resi- 
due. A large part of this residual cell wall material may be hydrolyzed by 
dilute mineral acids to monosaccharides or other carbohydrates having the 
power to reduce copper compounds. Hence the quantity of this “ digesti- 
ble' * fraction may be readily estimated. Such higher carbohydrates, other 
than starch, have been variously designated in literature as “polysaccha- 
rides,” “acid hydrolyzable material,” etc. More often, however, the name 
“hemicellulose” has been assigned to this group of complex compounds. 

In most lignified tissues the relative amount of hemicellulose is very 
high. Moreover, in certain organs at least, it shows a marked seasonal fluc- 
tuation. Hemicellulose, therefore, may be readily available to the plant, 
possibly through enzymatic action. What is the significance of this cellular 
aggregation in the physiology of woody plants? Most certainly it can not 
be ignored in studies of carbohydrate distribution, since more often than not 
it constitutes the preponderant volume of the more labile forms of these 
substances. 

It is the object of this paper to review briefly our present knowledge of 
the occurrence, distribution, and chemistry of hemicellulose in some higher 
plants. It is hoped that thereby further interest may be created in this 
highly important group of reserve carbohydrates. 

Historical retrospect 

There is reliable evidence ( 20 ) that as early as 1862 Sachs observed 
that upon germination a portion of the cell walls of the date seed disap- 
pears, leaving a much thinner permanent layer. Since then it has been 
shown by many investigators that a storage cellulose of this character is 
present in various parts of seeds of many plants, but especially in certain 
kinds of endosperms and cotyledons. After extensive observations and care- 
ful chemical studies, Reiss, 1889 (ioc. cit.) came to the conclusion that this 
labile cellular thickening is not a true cellulose and hence it should be defi- 
nitely designated by the already suggested names of “amyloid” or “reserve 
cellulose.” Two years later (1891) Schulze ( 28 ) proposed the name 
“hemicellulose” for all such substances of the plant cell wall, which upon 
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hydrolysis with weak mineral acids, usually give such sugars as galactose, 
mannose, arabinose, xylose, etc., thus clearly distinguishing it from the more 
fibrous cellulose, which is hydrolyzable only by strong acids and yields in 
most cases but glucose. 

That hemicellulose is present in other tissues than those intimately 
associated with the embryo has been demonstrated by several European 
investigators but especially by Du Sablon (5) and Schellenberg (23). 
Using as the material a numbed of typical woody plants, the former has 
shown by chemical analysis that hemicellulose accumulates in the fall, reach- 
ing a maximum in October in various vegetative organs, but particularly in 
twigs and roots. It is mobilized and reabsorbed during the following spring 
and usually shows a minimum concentration in summer (May-June) . Micro- 
scopic observation of willow twigs collected in February showed clearly an 
incrustation interior to the cell wall proper. This thickening disappeared in 
summer and could be removed with hydrochloric acid from twigs collected 
in midwinter. 

Schellenberg likewise observed that hemicellulose is laid down and 
utilized as a reserve food in different kinds of tissues of lignified plants, but 
especially in sieve tubes, wood fibers, and cortex parenchyma. It is removed 
in the spring from parenchyma cells throughout the plant, from the tips of 
branches to ends of roots. He points out the fact, moreover, that cells imme- 
diately below an inflorescence show conspicuously the disappearance of wall 
thickenings during flowering. Another interesting observation made by 
Schellenberg (22) is that in various organs of Molinia coerulea , when 
cell wall thickenings appear after leaf fall (Oct.-Nov.), starch disappears, 
and when they are redissolved in the spring starch is present once more, 
thus suggesting a possible connection between starch and hemicellulose. 
In all instances hemicellulose of this nature could be removed by hydrolysis 
with hydrochloric and sulphuric acids (3-5 per cent.). 

Since then many investigators have noted the hemicellulose layer in cells 
of various plants and have made attempts to study its chemical nature. The 
technical horticulturists in particular have determined' the presence and the 
relative fimounts of these substances in a number of deciduous trees, espe- 
cially the apple. 

Hemicellulose in apple tissues 

Although hemicellulose has been included in chemical analysis of apple 
wood (12, 9, 7, 13, 2) it has not been recognized as such but has been com- 
monly referred to by the already mentioned terms “ polyimccharicjes, ’ ’ 
* 4 acid hydrolyzable polysaccharides, ’ ’ etc. This terminology, if justifiable 
at all, should be used only in cases where starch and other hydrolyzable 
material has been included in this fraction. Recently, however, the name 
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“hemicellulose” has come to the forefront. Moreover, it has been recog- 
nized that the various sugars and starches are not the only carbohydrates 
that enter into the metabolism or may serve as storage products, but that 
hemicellulose should be considered as an important reserve substance in 

TABLE I 

Starch (as dextrose) in percentages op dry weight in two varieties of bearing 

APPLE SPURS, 1925 


Varietal tissues 

April 15 

May 1 

May 15 

J UNE 15 

July 15 

August 15 

Jonathan 

per cent . 

per cent . 

per cent . 

i 

per cent . 

per cent. 

per cent . 

Leaves 

0.40 

2.45 

3.30 

2.40 

1.35 


New growth . 

i 2.15 

2.25 

3.75 

1.15 

3.75 


Flowers-fruit ... . 
Paynes Late Keeper 

1.00 

2.40 

3.60 

i 

9.15 

14.30 

11.20 

Leaves 

0.75 

2.10 

4.35 

2.80 

1.90 


New growth .. . 

2.00 

2.10 

4.25 

0.40 

4.60 



Flowers-fruit 

0.25 

1.75 

7.45 

10.00 

11.95 

17.70 


• TABLE II 

Hemicellulose (as dextrose) in percentages or dry weight in two varieties of 

BEARING APPLE SPURS, 1925 


Varietal tissues 

April 15 

May 1 

May 15 

June 15 

July 15 

August 15 


per cent . 

per cent. 

per cent. 

per cen t. 

per cent. 

per cent. 

Jonathan 







Leaves . 

14.50 

16.30 

13.70 

17.80 

15.95 


New growth 

18.20 

17.90 

16.60 

20.40 

21.65 



Flowers-fruit . 

16.80 

13.60 

15.20 

22.05 

18.30 

9.55 

Paynes Late Keeper 





1 


Leaves 

15.55 

17.65 

14.35 

17.25 

15.70 


New growth . . . 

18.90 

17.00 

18.20 

18.75 

21.65 


Flowers-fruit 

15.25 

14.55 

15.70 

21.25 

22.55 

13.95 


apple tissues. Tottingham, et ah (29), for instance, have shown that when 
sugars and starch are removed from apple wood the residue, upon hydroly- 
sis, will produce reducing substances that in most instances represent 2 to 5 
times the quantity of both sugars and starch combined. A detailed exami- 
nation of the products of hydrolysis of this hemicellulose showed that it 
consists primarily of xylose and glucose with a small amount of galactose. 
Roberts (21) too is of the opinion that in the apple the carbohydrate re- 
serve, in the form of cell wall thickenings, constitutes a greater quantity 
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Pig. 1. Hemicellulose and starch concentration, in percentages of dry weight, in new 
growth of two varieties of bearing apple spurs, 1925. 


than that of starch, and that it is laid down primarily in the fall and disap- 
pears when growth is resumed. And Harvey (8) has shown that of the 
total polysaccharides in apple shoots, by far the largest fraction is made up 
of pentoses, thus indicating that hemicelluloses are primarily pentosans, as 
was suggested by Spoehr ( 27 ). 

In a recent investigation on the nitrogen and carbohydrate distribution 
in organs of two varieties of apple spurs the writer ( 16 ) has noted once 
more the conspicuously large amounts of hemicellulose in certain tissues. 
While during the summer the starch content in the new growth of the fruit- 
ing spur may constitute 1 to 4 per cent, of the total dry matter (table I), 
hemicellulose represents 17 to 22 per cent, (table II and fig. 1). Similar 
proportions of these two groups of substances were found also in leaves, 
flowers, and fruits (fig. 2). Hemicellulose appears to be formed in great 
quantity in the developing fruits, which show a consistent increase to a 
maximum concentration by midsummer, followed by a rapid decrease later 
on (fig. 2). The data suggest that hemicellulose is laid down in the flesh or 
cortex of the fruit as a reserve food in the form of accretions to cell walls 
which during the later part of the development are hydrolyzed through en- 
zymatic action (see also Amer. Joum. Bot. 10 : 310-324. 1923). Thus in 
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addition to starch, evidently it is a source of increasing sugar content for 
the maturing fruit. 1 



Fig. 2. Hemicellulose and starch concentration, in percentages of dry weight, in repro- 
ductive organs (flowers-fruit) of two varieties of bearing apple spurs, 1925. 


When comparable material was analyzed at short 5- to 6-day intervals, 
other interesting features regarding the behavior of hemicellulose in various 
organs of the fruiting apple spur were revealed. A very rapid reduction 
in hemicellulose content seems to have taken place in the new growth and 
the flowers at the time of anthesis — May 3-9 (table III and fig. 3). And 
since at the exact time when the concentration of hemicellulose was at a 
minimum the quantity of total sugars is correspondingly high (table IV 
and fig. 4), it is more than likely that much of the hemicellulose had been 
converted into sugars during this period and again recondensed after petal 
and flower abscission. The starch content, not undergoing an equally rapid 
fluctuation during this time of intense development (fig. 5), suggests that 
starch after all is not the most important and most available storage form 

lit is conceivable that various “pectin” substances may function in the same 
capacity in the apple fruit and that they may have been included in this determination. 
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Fig. 3. Graphs showing changes in hemicellulose content during flowering and fruit 
setting in new growth and reproductive organs (flowers-fruit) 0 f two varieties 
of bearing apple spurs, 1926. Percentages on dry weight basis. 


of carbohydrates in the apple as has been postulated by some investigators. 
In fact, the percentage of starch in the new growth of the spur actually in- 
creased during flowering (May 6, fig. 5) — the period of greatest reduction 
in the hemicellulose content. Hence there is a possibility that, concomitant 
with the rapid increase in sugar content, starch may have been synthesized 
from the products of hydrolysis of hemicellulose. This seems to point to a 
starch-hemicellulose equilibrium and thereby support is given to Schellen- 
berg ’s observations ( 22 ) . 

These studies emphasize once more the importance of hemicellulose as a 
reserve carbohydrate in woody plants. Hence this group of substances most 
certainly merits further detailed study with special emphasis on the chem- 
ical constitution and metabolic role of each constituent. 

Chemistry of hemicelluloses 

Although one is forced to agree with Spoehr (loc. cit.) that though 
much literature has accumulated on the subject of the colloidal polysaccha- 
rides (including hemicelluloses), 4he “opinions are widely divergent and 
the subject in general is a most uncoordinated one,” still, lately a number 
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of contributions have appeared on the chemistry of hemieelluloses -which 
seem to merit our attention. 

In the make up of plant cell walls three major substances commonly ac- 
company cellulose. They are: lignin, hemicellulose, and pectin. None of 
them, however, as yet has been isolated in chemically pure form. Prom al 
appearance they seem to be closely related to each other, this being particu- 
larly true of pectin and hemicellulose. Consequently any progress made in 
the chemistry of one of these groups of substances may throw light upon 

the others. , . 

In addition to cellulose, woody tissues usually contain lignin and hemi- 
cellulose while non-lignified portions of plants show only small amounts of 
hemicellulose, but relatively large aggregations of pectin. During ligni- 
fication pectin seems to disappear and is replaced by hemicellulose and 
lignin. Candlin and Schbyver (3) even go so far as to advance the idea 
that hemicellulose in lignified cells is derived from pectin and that there is 
a possibility, though remote as yet, that certain products obtained from 
pectin may be related to lignin. Ehrlich (6) likewise says that hemi- 
cellulose is closely related to pectin and that lignin is probably formed from 
pectin by oxidation processes. Thus it is at least suggestive that these three 



Fig. 4. Graphs showing changes in total sugar content during flowering and fruit setting 
in reproductive organs (flowers-fruit) of two varieties of bearing apple 
spurs, 1926, Percentages on dry weight basis. 
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J^G. 5. Graphs showing changes in starch content during flowering and fruit setting in 
new growth and reproductive organs (flowers-fruit) of two varieties of 
bearing apple spurs, 1926. Percentages on dry weight basis. 

interesting compounds of the plant cell wall may be generieally connected. 
Furthermore, recent studies by Schryver and coworkers ( 4 , 25 ) and by 
Ling and Nanji ( 14 ) seem to indicate that a substance of the nature of 
hemicellulose (“amylo-hemicellulose”) is present in various starches (sago, 
maize, wheat, rice, tapioca, potato). Unlike the main constituents of starch, 
this hemicellulose is not digested by diastase. When hydrolyzed by acids 
it yields largely glucose. Some of the authors ( 14 ) believe that “amylo- 
hemicellulose” is present not only in starch but also as a principal consti- 
tuent of cell walls of many plant organs, especially during early stages of 
development. As it colors blue with iodine it may be taken for starch. 
Thaysen and Bunker ( 28 ) think that hemicellulose probably is more com- 
mon in plant tissues than cellulose, but is less thoroughly investigated. 

A n um ber of reagents have been used for the extraction of hemicellulose 
but a dilute solution of caustic soda (2-4 per cent.) ( 18 ) and hot water, 
with or without autoclaving ( 10 ), seem to have been preferred. While for 
the extraction of pectin a weak solution (0.5 per cent.) of ammonium 
oxalate (loc. cit. 8) is usually employed, although hot and cold water have 
also been used extensively. Therefore, when literature on this phase of the 
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subject is reviewed one can not help gaining the impression that, with some 
plant material at least, a water extract may not represent pure hemieellu- 
lose or pectin but a mixture of the two, and that a solution of alkali (4 per 
cent.) most likely decomposes hemicellulose. Evidently a proper medium 
for the separation of hemicellulose from other cell wall constituents is yet 
to be found. 

When a detailed chemical investigation is undertaken, the extracted 
hemicellulose, with or without further purification, is usually subjected 
to an acid hydrolysis. The end products of such a treatment have been 
popularly considered as consisting of a mixture of several monosaccharides 
— hexoses and pentoses. The following sugars have been often identified as 
the products of hydrolysis of various hemicelluloses : glucose, galactose, man- 
nose, arabinose, xylose and others. While some workers are of the opinion 
that mannans and galactans are the most common forms of reserve cellu- 
loses, most hemicelluloses evidently are made up largely of pentoses and 
hence may be considered as pentosans. Pringsheim (19), however, has 
isolated from certain hemicelluloses a heretofore unknown trisaccharide 
and a dimannan. 

Lately quite convincing proof has been secured that substances of the 
type of galacturonic and glycuronic acids and their polymeric anhydrides, 
the poly-galacturonic and -glycuronic acids appear to be the main building 
stones from which plant cell membranes (hemicelluloses), and pectins as 
well, are constructed (8, 18). This particular group of polysaccharides has 
the characteristics of both carbohydrates and acids. And since these 
“uronic” acids either make up the nucleus (15, 1) or constitute a large 
fraction of the pectin compounds (94), this may be considered as another 
link in the evidence of the close relationship between pectins and hemicellu- 
loses. Thus both of these cell wall constituents may be called “poly- 
uronides.” 

Pectins probably contain more uronic acids than hemicelluloses, but 
lignin contains none (3). It may be of further interest to note that accord- 
ing to Candlin and Schryver, pectin, when treated with weak alkali yields 
among other products hemicelluloses, which still contain uronic acids and 
resemble in some respects hemicelluloses isolated directly from timber. It 
is quite evident then that a rather interesting field of investigation has been 
opened by recent studies of the various complex carbohydrates which are 
not merely aggregates of the plant cell wall but also serve as reserve sub- 
stances. 

In spite of the somewhat involved chemistry and the complex “uronic” 
acids in particular, the distribution and role of hemicellulose should 
be of special interest to plant physiologists. In woody plants these 
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substances, are usually present in very large amounts and frequently serve 
as reserve carbohydrates. Moreover, the probable relationship between 
starch, pectin, hemicellulose and lignin is very interesting indeed. As 
pentosans, hemicelluloses seem to be very effective in making plants resistant 
to drought and to cold. This special field of investigation has been only 
tentatively explored. Finally the hemicelluloses seem to be of consequence 
in relation to the carbohydrate-nitrogen ratio in plants. Frequently the 
acid hydrolyzable polysaccharides (hemicelluloses, or hemicelluloses and 
starch) constitute the preponderant amount of all the available and extract- 
able carbohydrates and consequently may successfully represent them in 
the ratio (17). Moreover, Hicks (11) has shown rather clearly that the 
ratio of -total elemental carbon to total elemental nitrogen, the true C/N 
ratio, may be just as significant as that of carbohydrates to nitrogen. One 
should remember that in many instances the hemicellulose represents a very 
large part of the carbon and the carbohydrates. 

University or Missouri, 

Columbia, Missouri 
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IDENTIFICATION OF CERTAIN SPECIES OF CITRUS BY 
COLORIMETRIC TESTS 1 
F. F. EaiiUa and A. B. C. Haas 

Citrus varieties are propagated commercially by budding. In Cali- 
fornia four species are used for rootstocks .and in the order of their impor- 
tance, they are as follows: Sweet orange (Citrus sinensis Osbeck), sour 
orange ( Citrus aurantium L.), grapefruit (Citrus maxima Merrill), and 
rough lemon (Citrus limonia). Poncirus trifoliata Raf., used formerly to a 
limited extent, is being discarded. 

At the present time considerable thought is being given to the selection 
of stocks which are congenial with the scion variety. Owing to the fact 
that formerly very little attention was paid to this phase of citrieulture, we 
now find a considerable mixture of stocks in older plantings. Such old 
orchards would offer excellent opportunity to study the interrelation of 
stock and scion were it possible to identify definitely the stock in question. 
Up to the present time there have been no generally applicable methods by 
which this could be done. Occasionally one finds a sprout growing from 
below the bud union, or from a cut root, from which it is possible to make a 
diagnosis. The type of bud union sometimes suggests the stock variety, but 
it is always difficult to distinguish between sweet orange and sour orange 
stocks, especially with old trees. 

For the past two years considerable effort has been made to devise a 
method which would at least make it possible to separate sweet orange from 
sour orange stocks with certainty. It is obvious that any adequate method 
must be accurate and fairly rapid, and must require very little material. It 
may be mentioned that a separation on the basis of anatomical differences 
was found to be unsatisfactory. Water extracts of powdered bark when 
tested with different pH indicators (within, as well as outside of the range 
of citrus-bark acidity), gave inconsistent results. 

Recently Hendrickben (2) published a method which is based on the 
fact that all Citrus roots contain varying amounts of glucosides and that 
these glucosides contain phenols. By treating an aqueous extract of ground 
fresh roots with ferric chloride, he observed different shades of color with 
the sour orange, “wild” grapefruit, and Rough lemon. Sweet orange gave 
inconsistent results. As a matter of fact Hendrickben considers this 
method reliable only for Rough lemon, and hence it is of very little value 
for California conditions. There is the additional disadvantage of having 
to work with fresh material. 

1 Paper no. 806, University of California, Graduate School of Tropical Agriculture 
and Citrus Experiment Station, Riverside, California. 
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This paper reports a series of successful tests which were carried on with 
powdered bark. Of the ^numerous reagents used, some of which will be men- 
tioned later, the Alm&st test (1) for carbolic or salicylic acid gave the most 
consistent results. This reagent is prepared as follows: Saturate fuming 
nitric acid with mercury and dilute the solution with double its volume of 
water. The degree of sensitiveness is given as 1 : 400,000. This reagent is 
practically the same as Millon’s reagent for albumins and phenols (1). 

The procedure which has given excellent results is as follows: Enough 
bark is peeled from the trunk below the bud union to make at least one gram 
when dried at about 70° C. Adhering soil or foreign matter, of course, 
must be removed from the bark before taking the sample. The dried bark 
is ground fine enough in a mortar to pass through a 40-mesh sieve. One 
gram of this powder is placed in a beaker and 20 cc. of distilled water are 
added. In a few minutes the solution is ready for filtration. The contents 
of the beaker are transferred to filter paper and the residue is washed with 
two successive 20-cc. portions of distilled water. The one gram of powder 
is therefore leached with 60 cc. (altogether) of water. 

Ten cubic centimeters of the filtrate are measured into a test tube and 
8 drops of the Alm£n reagent are added. A heavy yel lowis h precipitate 
forms immediately. The contents of the tube are then boiled a few minutes 
in a water-bath or in an open flame. Withifi a short time the heavy precipi- 
tate assumes varying shades of color and the solution itself becomes colored. 
Even at this stage it is often possible to distinguish sweet orange by it s deep 
pink color, but it is best to let the solution cool and the precipitate settle 
beforeTa critical examination is made. Frequenf shaking seems to accentu- 
ate the color of the solution upon settling. 

With sweet^orange the solution assumes a characteristic pinkjspl° r which 
persists for several weeks. The grape fru it solution shows a much lijg fr i p r 
pjftk, and the color fades much sooner than that developed by sweet orange. 
Sour orange usually develops a light pink color and quite often it is diffi- 
cult to distinguish it from that given by grapefruit. It was found, however, 
that this difficulty can largely be overcome by frequently shaking the solu- 
tions and allowing them to stand several hours. The Rough lemon gives 
the lightest color of all and with a little experience no special difficulties are 
encountered in its determination. 

A modification of this method which shows greater color differences in a 
much shorter period, is as follows : Ten cubic centimeters of the filtrate are 
made alkaline with a few drops of potassium hydroxide prior to the addi- 
tion of 8 drops of a saturated solution of copper sulphate. This results in 
the formation of a heavy precipitate. Eight drops of the mercury reagent 
are then added and the contents of the tube are boiled. The cgImmeE the 
sw eet or ange solution becomes ffij^k as in the other method but the sour 
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orange solution assumes a br own color which can be at once distinguished 
from that of sweet orange. TKecolor of the grapefruit solution becomes a 
light pink mid that of the Rough lemon almost colorless. The sweet orange 
solutioiis-'enow a very narrow range of pink while the sour orange and 
grapefruit solutions fluctuate in some cases over a comparatively wide range 
within their color group. 

If added confidence is needed the remaining portion of the liquid may he 
used in the following supplementary tests. These methods will be found 
helpful, although they are not as reliable as those described above; they 
separate the species only roughly in some cases, but at other times quite 
definitely. Only 5 cc. of solution are needed for each of the additional tests. 

Ammonium molybdate is the reagent ordinarily used for phosphorus 
determinations and is prepared as follows : Dissolve 100 grams of molybdie 
acid in a mixture of 144 cc. of ammonium hydroxide and 271 cc. of water. 
Pour slowly into a cool mixture of 489 cc. of nitric acid and 1148 cc. of 
water. Ten drops of Ihis reagent added to the liquid and boiled, -will give 
rather consistently a deep blue color with Rough lemon and a much lighter 
blue or bluish gray with grapefruit. Sweet and sour orange give varying 
shades of green. 

The addition of 10 drops of a saturated solution of copper sulphate 
roughly separates sweet and sour orange as a single group from grapefruit 
and Rough lemon as another group. The color differences can be somewhat 
intensified by the addition of 2 drops of aniline violet gentian (0.01 gram 
dissolved in 75 cc. of water). 

Two drops of titanous chlorid (20 per cent, solution) gives a very light 
pink color with Rough lemon, a warm gray with grapefruit, and a greenish 
color with both sweet and sour orange. 

Two drops of a saturated solution of ferric chlorid often give a brownish 
fluorescent turbidity with sweet orange, a dark clear brown color with sour 
orange, and a clear straw color with Rough lemon and grapefruit (Rough 
lemon solution generally gives a lighter color than grapefruit). 

Many other reagents were tested some of which gave promising results, 
but the consideration of which would add very little to the previous discus- 
sion. The diversity of reagents used precludes any definite statement as 
regards the nature of the* principle involved. It may be mentioned that 
twelve different ph enol reagents gave uegatiye r^ulXs. Even the mercury 
reagent gave results somewhat different from the characteristic reactions 
obtained with phenol or protein. 

In a preliminary trial of these methods of identification, bark samples 
from trees of definitely known variety were examined. More than 100 sam- 
ples each of sweet orange and sour orange bark, more than 50 of grapefruit 
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bark, and about 20 of Rough lemon bark were tested without a single dis* 
crepancy. 

A considerable number of unknown bark samples representing the four 
kinds of rootstocks have also been successfully identified. A set of 37 sam- 
ples of bark (11 each of sour, sweet, and grapefruit, and 4 of Rough lemon) 
was obtained from the citrus breeding orchard of the Citrus Experiment 
Station and a set of 100 samples representing both sweet and sour orange 
rootstocks. In each case we determined numbered samples, to whose iden- 
tity we had no clue aside from the chemical tests, and the list of determina- 
tions was given to a cooperator who had retained the only key to the sample 
numbers. All samples were correctly determined. The odds against the 
accidental occurrence of this result are obviously enormously large. 

The results of these tests are not influenced by the age of the tree, by 
the time of the year at which the samples were taken, nor by the scion vari- 
ety ; in fact, the color obtained within a certain group is the same regardless 
of whether it serves as scion or as stock. 

With the exception mentioned below, the results with the mercury test 
have been uniform within the commonly accepted limits of the species here 
considered. The sweet orange barks tested include, in addition to root- 
stocks (probably representing the "Mission seedling’ , type) the varieties 
Ruby, Valencia, and Washington Navel, while the known grapefruit vari- 
eties include Marsh, Duncan, Triumph, and the decidedly different Im- 
perial. The sour orange barks tested undoubtedly represent a mixed lot of 
unknown origin. On the other hand, the standard California lemon vari- 
eties (Lisbon and Eureka) give a characteristic rusty red color which is 
quite different from that obtained with Rough lemon, although all these 
lemons are commonly included in Citrus limonia. These results suggest the 
possibility that these colorimetric differences may be useful in citrus classi- 
fication. 

: Citrus Experiment Station,^ 

Riverside, California. * 
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THE EFFECT OF POTASSIUM, NITROGEN AND PHOSPHORUS 
FERTILIZING UPON THE CHLOROPLAST PIGMENTS, 

UPON THE MINERAL CONTENT OF THE LEAVES, 

AND UPON PRODUCTION IN CROP PLANTS 1 

F. M. S CHERT Z 

Introduction 

In a former paper (8) by the writer, the effect of nitrogen on the ehloro- 
plast pigments has been especially indicated. The effect of nitrogen upon 
the growth of plants is perhaps greater than that of any of the other 
elements. 

Ville (14) was perhaps the first to make any quantitative experiments 
on the effect of the various fertilizers upon the pigment content of plants. 
He has shown that nitrogen plays a role more important than that of any 
of the other elements tested. If the dose of nitrogen was increased or 
diminished the color increased or diminished also. 

Urban (13) found evidence of a correlation ^between the color of the 
leaves of beets and the nitrogen content, the darker leaves containing the 
most nitrogen and the lighter the least. Also, he apparently found a rela- 
tion between the highest potassium content of the leaves and the greatest 
sugar content of the roots. In beets the dark colored leaves contained more 
potassium and less sodium than did the light colored leaves. In the leaves 
of ripening beets the potassium rapidly increases while the sodium decreases. 

A great difference in the chlorophyll content of alpine and of lowland 
plants was observed by Henrici (2). She represented the amount of 
chlorophyll present in alpine plants as 100 per cent, and found that low- 
land plants contained 230 per cent, and ravine plants 350 per cent. She 
makes no reference to the soil in which these grew but it is highly probable 
that the soil was a very important factor in the amount of chlorophyll 
which was found in the plants studied. 

Perhaps the first real experiments on the effect of chemical fertilizers 
upon chlorophyll were conducted by Wlodek (16) in 1920. Green leaves 
of potato plants and sugar beets were studied. These were grown in soils 
to which various fertilizers were added: (1) without fertilizer; (2) with 
phosphorus, potash and nitrogen; (3) with phosphorus and nitrogen but 
no potash; (4) with phosphorus, nitrogen and magnesium but no potash; 
(5) with potash and nitrogen but no phosphorus; and (6) with potash and 
phosphorus but no nitrogen. After a certain period of development of the 

* Soil Fertility Investigations, United States Department of Agriculture, Washing- 
ton, D. C. 
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plants it was concluded that the relation of the chlorophyll pigments varies 
during the course of 24 hours ; 3 increases during the day and a during the 
night. The lack of potash resulted in an absolute and relative diminution 
of 3 and an increase in a as well as a reduction in the daily variation of 
the two components. Lack of phosphorus also reduces the daily variation 
of the chlorophyll components and narrows the absorption bands. Nitrogen 
tends to reduce a and to augment 3- The action of calcium and magnesium 
were not definitely established. 

In another paper Wlodek (17) has reported that with a lack of potash 
the chlorophyll coefficient diminished at a certain phase of development 
of the plants. This is shown by an increase in the width of the absorption 
band of chlorophyll a and a decrease in that of chlorophyll 3, as compared 
with plants grown under normal conditions. A lack of nitrogen in the soil 
increases the chlorophyll coefficient. A relation seems to exist between _ 
the width of the first absorption band and the nitrogen content in fresh 
bean leaves, and in the straw and harvest of oats and barley. The nitrogen 
content increases with the width of the absorption band. When potash is 
lacking the chlorophyll coefficient does not change under the influence of 
light and darkness. In leaves which show an abnormal chlorophyll coeffi- 
cient the amount of vegetative material which is produced is less than in 
those which possess the normal chlorophyll coefficient. 

In studying the bush characteristics of potato plants, Schaefer (7) has 
placed the leaves in four groups as to color. The classes were, bright green, 
green, green to dark green, and dark green. He thought that possibly 
nitrogen affected the color. 

Weisbmann (15) noticed that potash influenced the development ol* 
plants and their morphological and anatomical structures. He found also 
that deficient potash affects the coloring of the leaf, stem and the grain. 
Deficient phosphorus and nitrogen more strikingly affect the early stages 
of growth than does a deficiency in potash. 

In making chemical analyses of leaves, Chibnall (1) learned that there 
was a nitrogen withdrawal from the leaves at night. This fact may aid us 
in understanding the nitrogen metabolism of the leaf. 

Studies by Maiwald (3) lead to the conclusion that different applica- 
tions of potassium produced a great difference in the color of the potato 
leaves of the same species. The leaves varied in color from a dark green 
to a yellow green, the yellow green ones resulting when much potash was 
applied. When based on green weight, deviations of the chlorophyll con- 
tent were found to be 70 per cent, above and below normal. The amount 
of the chlorophyll present was the sole cause of the striking color difference 
in the leaves. By comparing the assimilating power of the plant with the 
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chlorophyll content, the author concludes that the abnormally low chloro- 
phyll content is the beginning of chlorosis. 

Potassium sulphate was found to reduce the chlorophyll content of 
sound green potato leaves, while kainit and potassium chloride were found 
by Remy and Liesegang (5) to greatly reduce the amount of chlorophyll 
present. Healthy leaves of pronounced potash hungry plants always con- 
tained more chlorophyll per unit weight than potash satisfied plants; the 
same is also true of sugar beets. Leaves of potatoes which had been treated 
with large amounts of potash salts contained less chlorophyll than did leaves 
from potatoes receiving less potash salts. Plants treated with potash have 
a larger growth than plants not treated, consequently in spite of the fact 
that the content of chlorophyll per gram of leaf is less, each plant actually 
has more chlorophyll in it. Leaves of plants fertilized with potash possess 
the power to assimilate for a greater length of time than do those not 
fertilized. 

In studying the effect of nitrate applications upon the hydrocyanic acid 
content ot* sorghum, Pinckney (4), found that nitrogen affected the size and 
the color of the plants to such an extent that sorghum may be used as an 
indicator of the amount of available nitrogen in the soils. Plants grown in 
soils containing readily available nitrogen grew 7 rapidly and were much 
greener in color than plants grown in soils which did not contain available 
nitrogen. 

Sir John Russehl ( 6 ) has discussed the effects of nitrogen, phosphorus 
and potash upon plant growth. Nitrogenous fertilizers increase the rate 
of leaf growth and so produce larger leaves and stems. Also, they induce 
a greater formation of green coloring matter, giving darker green crops. 
Phosphates on the other hand greatly increase the root growth. 

Methods and materials 

The methods used for extracting and separating the pigments were those 
described in a previous paper (11) by the writer. The amount of chloro- 
phyll present was measured by the colorimetric method outlined in the 
paper on the quantitative determination of chlorophyll (12). The caro- 
tinoids \tere estimated by means of the colorimetric methods (9, 10), devised 
by the w r riter. The spectrophotometric methods were not used here for 
they had not been developed at the time the w r ork described in this paper 
had been completed. 

The materials used were collected from various field fertilizer experi- 
ments of this department. The cotton leaves were from the field ex- 
periments of J. J, Skinner and tte potato leaves from those of B. E. 
Brown. An attempt was always made to collect representative samples 
of each fertilizer plot. The samples were forwarded in w 7 axed paper, to 
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prevent drying of the sample, to Washington, D. C., and the analysis was 
completed in this laboratory. 

The numbers 1, 16, 21, 7, 8, 9, and 10 in the tables refer to that portion 
of the P. N. K. fertilizer triangle, in use in this department, from which 
the samples were taken. The composition of these fertilizers is shown in 
the following table I. 

TABLE I 

Composition of fertilizers used in these studies 


Treatment number 

Formula 

NH, 

PjO, 

K 8 0 

1 

0 

20 

0 

16 

0 

0 

20 

21 

20 

0 

0 

7 

0 

8 

12 

8 ' 

4 

8 

8 

9 

8 

8 

4 

10 

12 

8 

0 


The elements N, P, K, and S, were determined by the following methods, 
which need not be described in detail here. Total nitrogen was determined 
by the Kjeldahl method as modified by Gunning and Arnold while total 
phosphorus was estimated by the Neumann-Pemberton method. Sulphur 
was estimated by the fusion method, and potash was estimated by the 
Assoc, of Offic. Agr. Chemists ’ method substantially as given in the 
year 1919. 

Results 

The pigment results were all obtained by a direct comparison with 
Lovibond slides, the readings from which were later interpreted in terms of 
grams of pigment. Part of the leaves were dried and part of them were 
extracted in the fre^h condition. For the chemical analysis the leaves were 
all dried according to regular laboratory procedure. The dried leaves for 
extraction were then ground to a fine powder with sand in a ball mill before 
extraction, f 

In general, a survey of tables II and III shows that the plots fertilized 
with a mixture high in phosphorus produced leaves which contained less 
chlorophyll than did leaves from plots high in potash or nitrogen. Leaves 
from plots high in nitrogen contained more of the chloroplast pigments 
than did the leaves from plots from other parts of the triangle. 

Plants fertilized with a mixture high in nitrogen always produced plants 
whose leaves were also high in nitrogen. The plants which were fertilized 
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TABLE II 

Analysis of dried cotton leaves i collected at Newbern, North Carolina, 

July 23, 1919 


Number of plot 

1 

16 

21 

7 

8 

9 

10 

Chlorophyll (a + B) 

21.0 

26.8 

29.4 

28.6 

22.4 

31.8 

31.8 

N . . 

4.97 

5.22 

6.03 

5.14 

5.09 

5.31 

5.50 

P 

0.72 

0.52 

0.50 

0.60 

0.61 

0.49 

0.50 

K . ... 

1.34 

1.88 

2.09 

1.37 

1.86 

1.99 

2.33 

S 

1.35 

1.32 

1.18 

1.43 

1.31 

1.44 

1.23 

Pounds of cotton 






i 


per acre 

1424.0 

1080.0 

2176.0 

1434.0 

1802.0 

| 2262.0 

2528.0 


Collected at Florence, South Carolina, July 26, 1919 


Chlorophyll (a + (3) 

21.0 

25.0 

26.0 

17.6 

27.6 

25.0 

25.0 

N 

2.98 

3.30 

5.25 

3.13 

3.48 

4.60 

4.91 

P . . .... 

1.03 

0.52 

0.32 

0.37 

0.34 

0.48 

0.51 

K 

0.89 

1.79 

1.15 

1.68 

1.54 

1.25 

1.17 

S . 

1.52 

0.96 

1.05 

1.49 

1.53 

1.17 

1.05 

Pounds of cotton 








per acre 

644.0 

770.0 

1662.0 

888.0 

1426.0 

1948.0 

1850.0 


Pee Dee Experimental Station 
Collected at Florence, South Carolina, August 29, 1919 


Chlorophyll (a + B) 

22.4 

23.2 

31.8 

20.2 

18.4 

29.4 

31.0 

N . .. 

2.71 

3.12 

4.62 

2.50 

2.46 

2.31 

3.82 

P 

0.61 

0.48 

0.36 

0.50 

0.37 

0.31 

0.32 

K . . . . 

1.70 

2.70 

1.14 

1.86 

1.44 

0.98 

1.03 

S 

1.18 j 

1.09 

0.74 

0.95 

0.64 

0.62 

0.84 


Collected September 21, 1919 


Chlorophyll 

(O + P) 

24.2 

15.8 

22.0 

16.6 

23.2 

17.6 

26.8 

Pounds of 
per acre 

cotton 

1780.0 

1640.0 

2280.0 

1372.0 

1676.0 

2150.0 

2130.0 


1 The results reported for the chloroplast pigments are given in milligrams per 10 
grains of fresh leaves. The chemical analyses are reported in grams of N, P, K or S 
per 100 grams of dry leaves, ♦.<?., in per cent. Data obtained for the carotinoids are not 
given, for drying the leaves renders these data worthless. 


with a mixture high in phosphorus always produced plants whose leaves 
were high in phosphorus. Plants which were fertilized with a mixture high 
in potash always produced cotton plants with leaves high in potash. Gen- 
erally the leaves of plants high in nitrogen contained the least sulphur 
while those high in phosphorus contained the most sulphur. 
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TABLE III 

Analysis op fresh cotton leaves, Pee Dee Experiment Station. Collected 
at Florence, South Carolina, June 25, 1920 


Number of plot 

1 

16 

21 

7 

8 

9 

10 

Carotin 

Xanthophyll 

Total carotinoids..... 
Chlorophyll (a + (3) 

mg. 

0.66 

1.20 

1.86 

19.0 

mg. 

0.90 

1.70 

2.60 

26.8 

mg. 

0.86 

2.00 

2.86 

27.4 

mg. 
0.57 J 
2.00 
2.57 
22.0 

mg. 

0.63 

1.50 

2.13 

23.4 

mg. 

0.76 

1.50 

2.26 

23.0 

mg. 

0,76 

1.30 

2.06 

23.4 


Collected September 29, 1920 


Carotin .. 

0.70 

0.78 

0.90 

0.78 

0.86 

0.86 

0.75 

Xanthophyll . _ . 

3.60 

1.03 

1.16 

1.00 

1.30 

1.50 

1.16 

Total carotinoids 

2.30 

1.81 

2.06 

1.78 

2.16 

2.36 

1.91 

Chlorophyll ( a + P ) 
Pounds of cotton 

16.6 

14.8 

16.6 

13.6 

14.8 

14.8 

10.00 

per acre 

1520.0 

1040.0 

938.0 

1600.0 

1008.0 

2004.0 

1020.0 


In general, it may be concluded that plots high in potash gave low yields 
of cotton while those high in nitrogen produced the most cotton per acre, 
although this is not true for all types of soil. The phosphorus plots pro- 
duced yields which were between those for potash and nitrogen. 

A summary of the results from the potato plots (table IV) shows that 
the plots fertilized with a mixture high in phosphorus produced leaves which 
contained less chlorophyll than did leaves from plots high in nitrogen. 
Leaves from plots high in potash evidently contained less chloroplast pig- 
ments than did leaves from the other plots. 

Potato plants fertilized with a mixture high in nitrogen produced plants 
whose leaves were high in nitrogen. Plants which were fertilized with a 
mixture high in potash produced plants whose leaves contained the least 
potash. Plants fertilized with a mixture high in phosphorus apparently 
produced leaves which were also high in phosphorus. The amount of 
sulphur in the leaves could not be correlated with the amount of nitrogen, 
phosphorus, or potash present in the leaves or that added to the soil as 
fertilizer. 

In table V results are given for a fertilizer experiment at Arlington 
Farm. In this case, the results are not at all in conformity with what 
might have been expected and the chloroplast pigments cannot be correlated 
in any way with the amount of fertilizer added. However, the table shows 
that as the plants matured the total carotinoids increased from 2.5 to 
3.27 mg. as also did the total chlorophyll from 12.8 to 15.3 mg. in each 
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TABLE IV 

Analysis of potato leaves, dried before extraction 
Irish Cobbler variety 
Collected May 29, 1919, Norfolk, Virginia 


Number of plot 

1 

16 

21 

7 

8 

9 

10 


mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

Chlorophyll (a + P) 

15.5 

15.9 

18.0 



... 


Collected June 17, 1919, Norfolk, Virginia 

Chlorophyll (a + P) 

16.8 

15.2 

21.1 

18.5 

16.4 

15.9 

19.4 

Yield (bushels per 








acre) 

81.0 

78.0 

97.0 

75.0 

178.0 

193.0 

167.0 


Green Mountain variety 

Collected July 15, 1919, Rivekhead, Long Island 


Chlorophyll (a + p) 

26.0 

39.2 

32.8 

21.0 

28.6 

35.2 

31.8 

Yield (bushels per 



! 91.0 





acre) .. . 

176.0 

191.0 

1 

166.0 

192.0 

181.0 

187.0 


Noroross variety 

Collected August 4, 1919, Presque Isle, Maine 


Chlorophyll (a + p) 

12.6 

32.8 

35.2 

39.6 

35.2 

34.6 

38.6 

N . . . . j 

4.87 

4.60 

6.02 

4.69 | 

5.15 

5.44 

6.23 

P 

0.35 

0.27 

0.36 

0.32 | 

0.21 

0.31 

0.39 

K 

! 2.63 

2.08 

2.37 

2.06 J 

2.09 

1.81 



s 

No yields available j 

! 0.35 

0.34 

0.36 1 

| 

0.33 j 

j 

0.33 

0.41 

l 

0.39 


Irish Cobbler variety 

Collected August 4, 1919, Presque Isle, Maine 


Chlorophyll (a + P) 

19.2 

14.0 

18.4 

14.0 

26.0 

14.8 

20.2 

N . ... ! 

4.49 

5.15 

6.00 

4.71 

5.10 

5.91 

5.41 

P 

0.37 

0.30 

0.26 

0.29 

0.29 

0.39 

0.34 

K 

2.34 

2.25 

2.53 | 

I 3.83 

3.75 

3.10 

1.45 

S 

Yield (bushels per 

0.55 

0.72 

0.63 

0.45 

i 

0.71 

1 

0.40 

0.42 

acre) 

165.0 

192.0 

153.0 

j 219.0 

328.0 

336.0 

288.0 


ten gram sample of the fresh leaves. The samples of leaves which were 
dried show that the amount of carotin and xanthophyll lost in drying was 
quite large and consequently the results are unreliable, while the loss of 
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the chlorophyll was much less. This fact shows that the leaves should 
never be dried if accurate quantitative data are desired for the chloroplast 
pigments. This table shows also that certain fertilizers do not always 
produce certain effects upon the development of the chloroplast pigments. 
The effect then apparently is due to some factor which the fertilizer in- 
fluences indirectly. Here a potash fertilizer produced plants high in 
chlorophyll while nitrogen produced plants relatively low in chlorophyll. 

The experiments with potatoes, reported in this paper, show that high 
yields of tubers are correlated with heavy potash fertilization, which also 
is correlated with a low chlorophyll content of the leaves. Low yields of 
tubers are correlated with high nitrogen fertilization and a high chlorophyll 
content of the leaves. High phosphate produces yields of potatoes which 
are less than those from the high potash plots and greater than those from 
the high nitrogen plots. 

Conclusions 

From the above experiments it is clear that only fresh leaves should be 
used in the determination of the four chloroplast pigments. A very large 
percentage of carotin and of xanthophyll is lost on drying. The process 
of drying the leaves is far more destructive to the carotinoids than it is to 
the chlorophylls. 

Phosphorus, potash and nitrogen each may be correlated with an effect 
on the formation of the chloroplast pigments. Nitrogen was found to be 
correlated with an increase in the amount of chloroplast pigments which 
were present in each ten gram sample of fresh green leaves. The nitrogen 
was also correlated with an increase in the amount of the carotinoids. In 
potatoes, high potash evidently suppressed chloroplast pigment formation 
while this was also true in some of the plots of cotton. High phosphorus 
plots would then evidently produce more chloroplast pigments than potash 
and less than nitrogen. 

Either cotton or potato plants fertilized with a mixture high in nitrogen 
always produces leaves with a high nitrogen content. Potato plants fer- 
tilized with a mixture high in potash produced leaves which contained the 
least potash, while cotton plants produced leaves which contained the most 
potash. Both cotton and potato plants which were fertilized with mixtures 
high in phosphorus also produced leaves which were high in phosphorus. 
In the case of potatoes the amount of sulphur in the leaves could not be 
correlated with the amount of nitrogen, potash or phosphorus while in the 
case of cotton the leaves high in nitrogen contained the least sulphur, and 
the leaves high in phosphorus contained the most sulphur. 

Plots which were high in potash gave low yields of cotton while those 
high in nitrogen produced the most cotton per acre although this is not true 
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for all types of soil. High yields of potatoes are correlated with heavy 
potash fertilization which also is correlated with a low chlorophyll content 
of the leaves. Low yields are correlated with high nitrogen fertilization 
and a high chlorophyll content of the leaves. 

When the results from a fertilizer experiment at Arlington Farm are 
correlated with results elsewhere it is seen that P, N, and K do not always 
have the same effect on the chloroplast pigments. At Arlington Farm the 
potash did not seem to suppress the chlorophyll formation nor did nitrogen 
increase chlorophyll formation, which is not in agreement with findings 
elsewhere. 

The results given in this paper are in harmony with those of Maiwald 
for potatoes. He found that potato leaves from plots fertilized by the 
addition of potash contained considerable less chlorophyll than leaves of 
potato plots to which no potash was added. The amount of the chlorophyll 
rapidly decreased in the potash plots from June to August. In the plots 
without potash the decrease in the chlorophyll was not so rapid. Leaves 
from plots fertilized with both potash and nitrogen showed a decided 
increase in their chlorophyll content. Plants in these plots did not show a 
decrease in chlorophyll from June to August as did the potash plots. 

Department of Agriculture, 

Washington, D. C. 
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THE EFFECT OF TEMPERATURE ON FLOWERS 
F. M. Andrews 

(with one figure) 

This paper is concerned with the opening and closing processes in the 
flowers of Crocus and Tulipa. As is well known from the work of Pfeffer, 
the flowers of Crocus and Tulipa are only slightly photonastic. They are, 
however, extremely thermonastic. As regards this thermonastic response 
Crocus is much more sensitive than Tulipa. In the case of Crocus , the tem- 
perature may be so low that the flowers cannot open, yet the flowers may 
develop fully, nevertheless. Thus Pfeffer found that in temperatures 
below 8° C. the flowers developed but did not open. He found that the 
flowers of some Crocus plants opened to an extent with fluctuations of only 
0.5° C. He made this thermonastic movement more evident by means of 
a fine silver wire which projected beyond the flower division and which was 
fastened to the latter by means of lacquer. Others have found that a very 
fine glass capillary will serve this purpose equally well. 

My experiments show that the flowers of one species of Crocus are cap- 
able of responding to a somewhat smaller temperature change than 0.5° C. 
This is the case with the flowers of Crocus vernus which has been found to 
be the most sensitive to temperature changes of any of the species of Crocus 
thus far investigated. To test this point a study of eight species of Crocus 
has been made. The “constant temperature room” has rendered excellent 
and trustworthy service, but it is not so easily nor so closely controlled as 
the device here described which has been constructed for this study. (See 
fig. 1.) This apparatus consisted of a bell-jar, A, of wide but low form, 
with an opening at the upper end for the insertion of a very sensitive 
thermometer, II, wires for the electric current, C, and a suitable stopper, D, 
for adjusting and holding these in place. A pair of bell-jars similar to the 
one just mentioned, the outer being somewhat larger than the other so as 
to cover the inner one, and held in place by a wire adjustment is even better 
under certain conditions. Or, an ordinary double-walled bell-jar serves 
the purpose very well where special precautions are necessary. In this case, 
however, provision must be made for the entrance of the electric wires 
under the base of the jar. In the low form of bell- jar shown in fig. 1, the 
electric wires encircle the interior at the bottom and are held in place by 
means of perforated perpendicular glass rods or posts, E. These glass sup- 
ports are of such length as to allow several coils of number 20 nichrome 
heating wire, F, to be used. It was necessary to determine exactly before 
beginning the experiment what adjustments were required to raise and 
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Fig. 1. Apparatus for demonstrating thermonastic responses of flowers. 

maintain the temperature of the bell-jar to the desired point. With this 
apparatus the necessary heat for causing: the opening: movements of the 
flower segments of Crocus and Tulipa was readily produced by* electricity. 
When the current was passed through the coils of nichrome wire, fig. 1, the 
necessary temperature was slowly or quickly produced according to the 
adjustment made. This was accomplished very exactly by using an elec- 
tric current of 110 volts which was controlled by a lamp resistance in series 
with an adjustable wire rheostat. This arrangement also allowed the 
experiments to be performed either on potted plants, or better, on plants 
grown in the open and at any desired distance from the source of the cur- 
rent by increasing the length of the conducting wire. In this way the 
apparatus could be quickly placed over plants growing in flower beds. 
When it was observed that the flowers were in a probable condition for open- 
ing, the bell-jar, arranged as shown in figure 1, could often be placed over 
a considerable number of buds or flowers of Crocus . If the buds and flow- 
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ers of Crocus , G, are in an active condition, they can be caused to open or 
close respectively 12 times in immediate succession by alternately warming, 
or cooling to an appropriate degree, suitable buds or flowers on cool days. 
In order to cover a considerable number of buds or flowers by the bell-jar, 
consideration should be given previously to the planting of Crocus for such 
experimentation. This plant will bear rather close setting of its corms with- 
out detriment. 

For the study of the opening and closing processes in Tulipa much taller 
bell-jars than the one shown in fig. 1 must be used, and the wire arrange- 
ment for heating increased and placed on the interior of the bell- jar in 
accordance with the height of the flowers. Although, as stated, Crocus is 
only feebly photonastic, still some objection has been offered to certain 
experimentation carried out with potted plants of Crocus in a room. The 
apparatus here described, effectively removes this objection, since it brings 
to bear on the plants enclosed by the bell-jar only the temperature effect, 
and leaves the influence of light out of doors unaffected. The other Crocus 
plants in the experimental plot therefore, serve in this connection as con- 
trols. This apparatus when used on Crocus and Tulipa in the open has also 
the additional advantage that the plants are under somewhat more natural 
conditions in other respects than is the case with potted ones. By the 
use of this apparatus Royer's idea that transpiration effects the flower 
movements is disproved, since this condition by my apparatus is controlled. 
These experiments are best carried out on cool days since then ail the flow- 
ers out of doors are closed, while those that are in a responsive state under 
the electrically warmed bell -jar, can be caused to open. Caution should at 
all times be observed, to select flowers which have attained the proper stage 
of development. This is sometimes difficult to determine, or can be ascer- 
tained only by their failure to respond to the temperature changes. The 
flowers may be too immature, but more often they are too old and hence 
have passed, with respect to temperature, their perceptive condition. After 
a Crocus or Tulipa bud has been opened by warming under the bell-jar, 
then by removing the bell-jar or otherwise filling it with cool air, the open 
flowers will close. This occurs more quickly in Crocus than in Tulipa . 
The opening and closing of the flowers in both Crocus and Tulipa also take 
place rapidly or slowly according to the changes in temperature, within 
their responsive ranges. A-slight fullness of the Crocus bud indicates a 
condition for opening, although this may be deceptive. Single flowers may 
be made to open very rapidly, if placed, as Pfeffer points out, in warm 
water after removal from a cool place. These flowers, however, rarely stand 
upright in the water, which makes some observations of their behavior less 
obvious. This difficulty may be overcome by enclosing the lower end of the 
perianth tube in a rather closely fitting glass tube of proper weight and 
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length, so that part of the glass tube’s weight and lower end rests lightly 
on the bottom of a wide crystallizing dish in which the warm water is only 
a few cm. in depth. By this method a good many flowers may be observed 
simultaneously and the extreme opening process may be followed to good 
advantage. 

By means of the electrically warmed bell-jar described here, flowers 
of Crocus vernus experimented upon out of doors were caused in many 
instances to open to an extent by increasing the temperature by only 
0.2° C. The flowers of Tulipa, as is well known, are less responsive and 
no flowers of this plant were found that showed any tendency to open with 
a change of less than 1° C. In both of these plants the response that did 
occur in the flowers was much slower than when the temperature was 
higher or more favorable in the warmed air of the bell-jar or in the warm 
water. These experiments show that the flowers of both Tulipa and Crocus 
are much more sensitive to temperature changes than has been observed 
heretofore for these plants. 

Department of Botany, 

Indiana University. 
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BRIEF PAPERS 

WILHELM PFEFFER 

(with one plate and one figure) 

Wiliielm Pfeffer was the son of an apothecary. He was born the 9th 
of March, 1845, in Grebenstein, near Cassel, Germany. He received his 
early education in Grebenstein and later attended the schools of Cassel. 1 
lie evinced in early life a wide and keen interest in various departments 
of science in which his information, even when yet a boy, was very unusual. 
At first, he was much interested in collections of various kinds. This work 
took him on many trips, especially in the Alps mountains. His investiga- 
tions of the plants of this region led to the publication of his well known 
Bryographical Studies dating from 1867 to 1869. 

As a university student Pfeffer ’s training was extensive. He studied 
at the university of Gottingen and received the degree of Doctor of Philoso- 
phy there in 1865. Afterward, he studied at the universities of Marburg, 
Wurzburg, and Berlin. At Wurzburg Pfeffer was a student of Julius 
von Sachs. There he was associated with many other investigators who 
afterwards became distinguished workers in their fields: Klebs, de Vries, 
Goebel, BreFeld, Noll, Stahl, Kraus, Muller-Thurgau and many others. 
Pfeffer 's preparation in physics and chemistry was very extensive, and 
the mastery of these sciences was of great service to him in his work in 
plant physiology. 

As a teacher, Pfeffer’s experience was also wide. He began his career 
formally as an academic teacher in the university of Marburg in 1871. lie 
was professor in the university of Bonn in 1873 ; in the university of Basel 
in 1878 ; in the university of Tubingen from 1878 to 1887 and finally pro- 
fessor in the university of Leipzig from 1887 till his death, which occurred 
January 31, 1920. 

His lectures were largely attended. Oh these he spent much time and 
frequently produced interesting and valuable demonstrations of plant 
activities by means of ingeniously contrived apparatus. Many of these 
experiments were extremely difficult to show to a large audience due to 
the special conditions which Tnust not infrequently be provided. 

In the laboratory, Pfeffer was careful and exacting. On the other 
hand his criticisms were always made in a most friendly and helpful man- 
ner. No work or trouble on his part was too great to help or encourage 

i Some details in this paper have been taken or verified from Professor Fitting ’s 
account of Pfeffer. Ber. deutsch. bot. Ges. 38: 30-63. 1920. 
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any student who was •industrious and determined to work. His great 
ability to understand and attack a problem in the best and most direct 
manner was astonishing, even to those of extensive training and experience. 
A very accurate memory nearly always enabled him to make an instant 
and exact reference to the needed literature. His keen insight and ability 
together with his long and successful experience gave him a grasp of the 
subject that was at once noted as unusual by all who came in contact 
with him. 

Pfeffer 's contributions to science number nearly one hundred. Among 
these are some papers which occupy comparatively few pages. However, 
what short papers he did write are very compact and to the point; for 
these, like all of his papers, teemed with new facts, to each of which he gave 
careful study. They frequently represented long periods of experimen- 
tation. In these papers, as elsewhere, he shows his ability to go directly 
to correct conclusions, and where necessary to summarize with great clear- 
ness and brevity. Other papers were much longer due to the nature of 
the topic under discussion. Many of his contributions were so extensive 
that they were published in book form. The second edition of his Pflanzen- 
physiologie is the largest contribution of this nature. Pfeffer ’s studies 
on osmosis (1877) are classical, and have had a wide bearing in many fields 
of science. The physico-chemical importance of Pfeffer ’s osmotic studies 
have been amply indicated by van’t IIoff in his well known studies of 
osmotic pressure, gas pressure and solutions. Mention should also be made 
of Pfeffer’s Physiologische Untersuchungen (1873) which constitute one 
of his best known investigations. His studies of leaf movements are very 
extensive and cover a long period of investigation. The skillful methods 
used in these studies and the valuable results obtained constitute a very 
important advance in this field. His work on chemotaxis (1888) as well 
as his Studien liber Energetik (1892) are of great interest and importance. 
These and many others of Pfeffer *s valuable contributions to plant physi- 
ology could be mentioned if space allowed their enumeration. His ability 
to present and summarize the vital points of a subject is well shown in his 
Pflanzenphysiologie (1897-1904). In this work, a huge field of literature 
had to be carefully sifted and summarized and the results brought together 
in a connected account. The writing of this work was therefore an enor- 
mous task and it constitutes the greatest production of its kind in the field 
of plant physiology. It gives ample proof of Pfeffer ’s thorough grasp of 
the subject and shows his exceptional qualifications and his ability to suc- 
cessfully execute this difficult undertaking. Even if Pfeffer had written 
only his Pflanzenphysiologie, science would be deeply indebted to him, and 
Pfeffer, aside from any of his other distinguished work, would be entitled 
to a place of distinction. 
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In 1915 a “Festschrift” for Pfeffer was issued in honor of his seven- 
tieth birthday and the fiftieth year since he received his Ph.D. degree. This 
book also constitutes the 56th volume of the Jahrbiicher fur wissenschaft- 
lichen Botanik of which Pfeffer was editor. After the death of his teacher, 
N. P rings heim, in 1895, Pfeffer, in conjunction with E. Strasburger, be- 
came editor of this well known journal. After the death of Strasburger 
in 1912 Pfeffer carried the burden of this task alone. This “Festschrift” 
is composed of papers written expressly for this volume by his former stu- 
dents in various countries. This volume also contains a list of Pfeffer ’s 
papers, beginning with his thesis which appeared in 1865, to and including 
the year 1915, although at that time his last book on sleep movements which 
appeared in 1915 is not listed. In this volume is also included a list of 260 
of his former students. As a distinguished plant physiologist and as an 
organizer of the subject Pfeffer is unequaled. The nearest approach to 
him in these respects was Julius von Sachs. This volume contains his 
photograph from which plate IV has been reproduced. 

Aside from his regular work, he had some time to spend with his stu- 
dents. They were invited once each semester to his home. Moreover, he 
always presided at the botany club which held its meetings every two weeks, 
in the evening. In addition to the paper of the meeting the special privilege 
was granted to each person, before the meeting, to place in a box a botanical 
question for Pfeffer to answer. These questions he always answered, even 
without previous notice or preparation, without hesitation and very clearly 
and completely. 

Fig. 1 is a photograph of the Botanical Institute where Pfeffer was 
director and professor. It was designed and build by A. Schenk, the pre- 



Fig. 1. Botanisches Institut, Leipzig. 
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decessor of Pfeffer as professor of botany at Leipzig. This photograph is 
taken from a paper written by Professor Pfeffer especially for the cele- 
bration of the 500th anniversary of the University of Leipzig. 2 It faces 
east which is the view shown here. It will be a familiar sight to those who 
have studied there. It will also give those who have not studied there an 
idea of the place from which so many of Pfeffer’s important contributions 
to plant physiology have come. The building stands in the botanical gar- 
den. The basement of the building is chiefly used as special experimental 
rooms. The first floor is devoted exclusively to laboratories with the ex- 
ception of the library and lecture room. The top floor serves as a residence 
for the Director. Pfeffer could take 20 research students at a time in 
this Institut. The fame of the Leipzig Institut was so unusual, with 
Pfeffer as its director, that it was necessary to make arrangements a long 
time in advance if one expected to secure a place. In addition there was 
generally a considerable waiting list. All of Pfeffer ’s many students, 
now scattered everywhere in so many different countries, count it a special 
privilege that they were fortunate enough to study under his direction. On 
account of Pfeffer ’s wide and successful career both as an investigator 
and a teacher he has done more than any one else to train and inspire the 
plant physiologist of the present day. — Frank M. Andrews, Indiana 
University . 


J A SIMPLE METHOD FOR NITRATE NITROGEN DETERMINA- 
TION IN WHEAT PLANTS 1 

The greatest difficulty in getting satisfactory results in nitrate nitrogen 
determinations in plant material is due to the presence of the large amounts 
of soluble and colloidal organic substances, or to the difficulty in removing 
these substances before the determinations are made. When nitrates are 
determined by reduction and subsequent distillations, fairly large samples 
are necessary and the interference of the decomposition of the organic 
materials during the distillation makes the determination somewhat un- 
satisfactory. Likewise the colorimetric method is impossible unless these 
soluble organic substances are removed before evaporation. The removal of 
these substances would be equally desirable in the distillation method. 

2 This paper, entitled I>ie botanischen Institute, as well as the photograph used here, 
were presented to the writer by Professor Pfeffer. 

i Published with the approval of the Director of the Washington Agricultural 
Experiment Station as Scientific Paper no. 152, College of Agriculture and Experiment 
Station, State College of Washington, Pullman, Washington. 
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In an experiment where a large number of nitrate nitrogen determina- 
tions were to be made on eleven varieties of wheat in different stages of 
development, an attempt was made to select the simplest and most efficient 
method for removing the interfering organic substances preliminary to the 
phenol disulfonic acid treatment. 

The method for clearing the solution, reported by Burrell and Phillips 
(1), in which lead acetate was used to precipitate the soluble matter, was 
tried but considered too long and somewhat difficult. The method used by 
Gilbert (2) was next tried in which carbon black is substituted for lead 
acetate, and was found much simpler for this purpose. The cleared solu- 
tion in both methods contained a large amount of soluble salts which pro- 
longed the evaporation of the solution. This was found to be caused by 
the addition of the magnesium carbonate. In order to eliminate the mag- 
nesium carbonate, the following method, which has proven to be very satis- 
factory, was evolved. 

Two tenths gram of plant material which had been dried according to 
the method reported by Thomas (3) was weighed out, transferred to a 
250-cc. beaker and leached with 74 cc. of distilled water for an hour. After 
leaching, 5 cc. of saturated silver sulphate (AgSOJ was added, followed by 
1 cc. of normal copper sulphate (CuS0 4 ), 0.2 gm. of calcium hydroxide 
(Ca(OH) 2 powdery), and 2 to 3 gm. of carbon black. This extract con- 
taining the plant material was stirred after each addition of the above 
solutions and salts, and filtered. One half of the filtrate was evaporated 
to dryness, and nitrates determined by the phenol disulfonic acid method. 
The following table gives the nitrate nitrogen content of two varieties of 
wheat and the recovery of nitrates added to each variety as determined by 
the method used by Gilbert and the one here described. 

Of the several varieties analyzed for comparison, only two are presented 
in the table. These were selected for their difference in nitrate nitrogen 
content and soluble organic matter content. The data show that both meth- 
ods gave duplicate results on the plant material, but for some undetermined 
reason the recovery of added nitrates by the Gilbert method was incom- 
plete, while in the modified method it was all recovered in Jenkins Club and 
nearly so in Hybrid 128. 

The advantages of this simple method over that used by Gilbert are: 
(1) it reduces the filtrations to one; (2) it eliminates the washing of any 
residue; (3) it speeds up the evaporation of the filtrate; (4) it eliminates 
boiling; and (5) it gives good recovery to added nitrates. The above ad- 
vantages make for speed and accuracy, both of which are important factors 
when a large number of determinations are to be made. — H. F. Holtz and 
Carl Larson, State College of Washington . 
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NOTES 

Fifth International Botanical Congress* — At the time of the Inter- 
tional Botanical Congress held at Ithaca in 1926, it was decided to hold the 
next congress in England. The announcement has been made that the fifth 
congress will be held at Cambridge, August 16-23, 1930. The meeting will 
be organized in seven sections, paleobotany, morphology and anatomy, tax- 
onomy and nomenclature, plant geography and ecology, genetics and cytol- 
ogy, plant physiology, and mycology and plant pathology. 

The chairman in charge of the program for plant physiology is Dr. 
F. F. Blackman, of the Botany School at Cambridge. The papers to be 
presented will be arranged by invitation, and the discussion will also 
probably be arranged by the sectional subcommittee. Membership in the 
Congress is to cost one pound, which should be sent to the treasurer of the 
Congress, Dr. A. B. Rendle, British Museum of Natural History, London, 
S. W. 7., not later than April 1, 1930. The treasurer desires early notifi- 
cation of the intention to attend the Congress, even if membership is not 
paid at once. The Congress will provide a rare opportunity to meet the 
plant physiologists of other lands. 

Adoption of the Constitution. — The ballot on the adoption of the con- 
stitution resulted in a unanimous vote favorable to adoption, and the pro- 
visions become effective immediately. This instrument will enable the 
American Society of Plant Physiologists to handle its affairs advantage- 
ously, and lays a foundation for financial strength and stability. Plans 
are in preparation to place a printed copy of the constitution in the hands 
of all members of the society. 

Representative on the A. A. A. S. Council. — Dr. P. D. Strausbaugh, 
Professor of Botany at the West Virginia University, has been appointed 
by the President to represent the American Society of Plant Physiologists 
on the Council of the American Association for the Advancement of Science. 
He fills the vacancy in the representation caused by the death of Dr. Harris 
M. Benedict, of the University of Cincinnati, last October. 

Increased Price of Volumes I and II of Plant Physiology. — The very 
large demand for the early volumes of Plant Physiology has almost ex- 
hausted the editions printed during 1926 and 1927. The executive commit- 
tee has considered the matter carefully, and has decided to increase the 
price for the remaining volumes for these two years to $10 per volume. 
It is unfortunate that this step must be taken. The editorial board has 
tried to pursue a safe financial policy, printing editions no larger than could 
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be paid for rather promptly by the Society, but with what was considered 
an appropriate surplus of each issue. The unforeseen demand for the 
journal has depleted the surplus much more rapidly than was anticipated. 
While the few remaining volumes last, they can be had by addressing 
Dr. H. R. Kraybill, Department of Agricultural Chemistry, Purdue Uni- 
versity, Lafayette, Indiana. 

Portrait of Sachs. — In accordance with the announcement made in 
Plant Physiology in October, 1928, a small number of portraits of Julius 
von Sachs will be available for those who desire them for framing. There 
is something inspiring about the faces of great leaders, and laboratories 
decorated with the portraits of such men make a lasting impression upon 
students who are following in the footsteps of these forefathers of our 
science. The portraits of Sachs may be had in the same manner as the 
portraits of Timiriazeff, as announced on page 522 of Vol. 3 of Plant 
Physiology. 

Fourth Pacific Science Congress. — The fourth Pacific Science Congress, 
sponsored by the Pacific Science Association, is being held under the 
auspices of the Netherlands Indies Pacific Research Committee in Batavia 
and Bandoeng, Java, May 16-25, 1929. If it is possible to secure a report 
of this meeting, such matters as may interest plant physiologists will be 
presented to the readers of Plant Physiology in some future number. 

Seventh Colloid Symposium. — The seventh Colloid Symposium is to be 
held this year at Johns Hopkins University, Baltimore, Maryland, June 
20-22, 1929. The guest of honor will be Dr. P. Q. Donnan, famous for 
his studies of colloidal equilibrium relations. Visitors expecting to attend 
this meeting should write to Dr. W. A. Patrick, Department of Chemistry, 
Johns Hopkins University, for reservation of rooms in the University Dor- 
mitory. The number that can be accommodated in this way is limited to 
about 150, and cost of room and board for the meeting is but $6.00. Visit- 
ing plant physiologists will find a cordial welcome at the Laboratory of 
Plant Physiology, also. 

International Critical Tables. — The fifth volume of this important work 
has been published by the McGraw-Hill Co., N. Y. This volume contains 
data on viscosity of gases, metals and alloys, aqueous solutions of strong, 
weak, and non-electrolytes, and fluidity of non-aqueous solutions; kinetics 
of vaporisation, solution, crystallization, diffusion and permeability; spe- 
cific heat of gases and vapors, liquids, and solids; thermal effects, such as 
latent heat of fusion, vaporization, transformation, heat of adsorption 
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and wetting, heat of expansion, heat of mixing of liquids, heat of solution, 
precipitation, and dilution, heat of neutralization of acids and bases, heat 
of combustion of organic compounds, and heat of formation; thermal con- 
ductivity of gases, liquids, solids, and heat transfer by convection; radi- 
ometry (heat and light) including black body radiation, thermal radiation 
from selected sources, efficiency of selected sources of light, reflectivity of 
metallic and non-metallic substances, transmissivity, spectral absorption 
of light and heat by inorganic and non-metallic materials, and spectral 
filters ; spectroscopy, including emission spectra, persistent lines, absorption 
spectra (visible, ultraviolet and infra-red spectra), solar spectrum, celestial 
spectra, low temperature luminescence, fluorescence of gases, spectral series 
of elements, band spectra, etc. ; photometry; mechanical equivalent of light; 
properties of photographic materials; and properties of soaps and their 
aqueous solutions. 

This volume is without question one of the most valuable for physiolo- 
gists in the entire set. It forms an invaluable source of information for 
biophysical research. 

The National Research Council has announced that it is impossible to 
present the entire work in the five volumes originally planned. This is due 
to the extraordinary expansion of scientific investigations during and since 
the late world war. Faced with the alternatives of eliminating data from 
unpublished chapters, or eliminating whole chapters, or expanding the 
work, the decision was reached to expand the work to seven volumes. 
Through the generosity of the Research Corporation, the Chemical Foun- 
dation, and the United States Steel Corporation, enough of the cost of the 
additional volumes was met to permit offering them to all subscribers at 
the same price per volume as the original pre-publication subscription 
price, $7.00 per volume. This makes the whole work to subscribers $49.00 
instead of $35.00 as announced previous to the publication of the first 
volume. While it is unfortunate to have to change the price of the com- 
plete set to those who subscribed for it a!t the lesser price, it is surely wiser 
to increase the size and cost of the work than to eliminate any of the 
assembled data. 

Volume six will contain the data for X-rays, electronics, electricity, 
electrical conductivity, electrolytic E.M.F., and magnetism. The final 
volume w 7 ill present data on sound, refractivity, optical activity, chemical 
kinetics, thermodynamics, explosives, and will contain a complete index. 

Physiology and Biochemistry of Bacteria. — This work by Prof. R. E. 
Buchanan and Dr. Ellis I. Fulmer of the Iowa State College is being 
published by the Williams and Wilkins Co., Baltimore, Md. Vol. I contains 
five chapters as follows : Introduction and scope of physiological bacterid- 
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ogy ; growth phases and growth rates in cultures of microorganisms ; chem- 
ical composition of the cells of microorganisms ; physico-chemical and phys- 
ical characteristics of microorganisms and their environment; and energy 
relationships, growth and movement of microorganisms. Energetics. 

The chapter on growth rates presents the facts and theories, with atten- 
tion to the autocatalyst theory of Robertson, but takes the sensible view 
that plotted curves and equations describing them are not to be used without 
caution in attempts to interpret the causal relationships of growth. In 
the higher plants we certainly have better theories than the autocatalyst 
theory to explain sigmoid growth curves. 

The chemical composition chapter gives data on water content, elemen- 
tary constitution, organic constituents, carbohydrates, fats and other lipoids, 
pigments, and inorganic globules, crystals and inclusions. 

The final chapter considers types of energy, sources of energy for 
microorganisms, utilization of energy in synthesis, heat production, light 
production, and movement. 

The work fills a real need, bringing together much valuable and scat- 
tered data. It calls attention to the gaps in our knowledge, and should 
stimulate investigators to more vigorous attack upon the unsolved problems 
of bacterial life. It repays careful reading. The price of the volume i$ 
$ 7 . 50 . 

Enzyme Actions and Properties. — The translation by R. P. Walton 
of the treatise on Enzyme Actions and Properties by Ernst Waldschmidt- 
Leitz makes available in English the first comprehensive and authoritative 
account of the studies of the Willstatter school on the purification and 
measurement of enzymes, studies in which the author played a prominent 
role. The book is divided into two parts. The first part deals with the 
general mathematical and physico-chemical factors, — the colloidal and elec- 
trolyte nature, specificity, reaction kinetics, activation, and methods of 
preparation, purification and determination of enzymes. Here Will- 
statter ' s adsorption methods are fully discussed. 

In the second part a few typical and much-studied enzymes are taken as 
types of the various groups, and are considered in great detail. Castor bean 
lipase, malt amylase, and yeast sucrase are the plant enzymes which are 
treated comprehensively. In general, animal enzymes get much more at- 
tention, which only emphasizes how much more is known about them than 
about plant enzymes. However, quite a little English and American work 
seems to have been overlooked, although these omissions affect only the 
specific and not the general value of the work. The translator has done a 
good job, and usually has made smooth English. However, there is no 
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justification for the use of such spellings as“peroxydase” and “oxydase/’ 
or the consistent failure to capitalize generic plant names. The format is 
good, and the author and subject indices comprehensive. The book is 255 
* pages, is published by John Wiley and Sons, and retails for $4.00. 

Hydrostatic-Pneumatic System of Trees. — An excellent monograph 
on sap ascent has been published by the Carnegie Institution as Publication 
no. 397, under the title, “The hydrostatic-pneumatic system of certain 
trees: Movements of liquids and gases.” The authors are Dr. D. T. 
MacDoitgal, J. Overton, and Gilbert M. Smith. They discuss the 
liquid and gas system of species of Salix , Quercus, Aimes, Juglans, Pinus, 
and others, and give a fine presentation of the organization of woody stems. 
This section on organization should be the possession of every student of 
plant physiology. Then follow sections on the path of the transpiration 
stream, factors affecting localization of the stream, variations in the path, 
and Lateral movement of water in the stems. 

The later sections deal with the gas system of the woody stem, suctions 
and pressures and the factors affecting them, and the role of living ceils 
in sap flow. The conclusions are in agreement with Dixon’s cohesion theory 
of sap rise, and give no comfort to those who are following Bose’s interpre- 
tation of sap rise. The price of this publication is $1.25 (cloth $2.25), and 
orders should be sent to the Carnegie Institution, Washington, D. C. 

Colloid Chemistry. — A second edition of The Svedberg’s Colloid Chem- 
istry has been published by the Chemical Catalog Co., New York. This 
edition gives more space to the X-ray method of analysis of colloidal sols 
and gels than the first edition. Improvements are recorded in the technique 
of ultramicroscopy, and measurements of cataphoresis and diffusion. Also, 
the chapter dealing with the Donnan potentials (Part III) has been revised 
in accordance with the recognized importance of the Donnan phenomena. 
The book is quoted at $5.50. Orders should be sent to the publishers. 

Growth. — A little book from the Yale University Press by Dr. William 
J. Robbins, Samuel Brody, Albert Garland Hogan, Clarence Martin 
Jackson, and Charles Wilson Greene considers the nature of growth, its 
statistical, nutritional and morphological aspects, and physiological regula- 
tion of growth. The book is a series of popular lectures, mainly on animal 
growth, presented before the Missouri chapter of the Sigma Xi. The price 
is $3.00. 
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ON SOME LIMITING FACTORS IN THE USE OF SATURATED 
PETROLEUM OILS AS INSECTICIDES 1 

Hugh Knight; Joseph C. Chamberlin; 
and Chas. D. Samuels 

(with two figures) 

Introduction 

Owing to the increased use of saturated petroleum oils ( i.e petroleum 
oils from which all, or nearly all unsaturated hydrocarbons have been 
removed, usually 98 per cent, or more) as insecticides when applied to 
foliage-bearing fruit-trees, it has become important to study the effects 
thus produced on the host plant. 

The insecticidal efficacy has already been established by i>e Ong and the 
two senior authors of this paper (2). It was noted that these oils appar- 
ently produce some adverse physiological effects on citrus trees, but this 
phase of the problem was not especially investigated. 

The general nature of the deleterious effects accompanying the use of 
heavy , white-oil sprays has recently been described by Woglum, La Fol- 
lette and Landon (6) as follows: 

“The bad effects which have been noted on oranges in some degree 
since highly refined heavy oil sprays have been used are numerous. They 
include retarding of blossoming; reduction of blossoming; reduction of 
crop ; retarding fruit coloration ; interfering with normal sweat room color- 
ing; drop of immature fruit; drop of mature fruit; roughened texture; 
mummifying of fruit; increasing crystallization; producing insipid flavor; 

1 The investigation reported as Part I of this paper was conducted by Knight and 
Samuels, Part II by Knight, and Part III by Chamberlin. The work was done while 
the authors were in the employ of the California Spray-Chemical Company, of WatBon- 
ville, California. The studies reported on in Part III were made independently. 

2 Formerly Assistants in Entomology, Citrus Experiment Station, University of 
California, Biverside, California. 
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decrease in acidity, soluble solids and sugars; increase of dead wood; 
occurrence of fruit burn and leaf drop; difficulty in cleaning fruit, and 
“gumming-up” packing house conveyors. . . . Some of these troubles were 
costly to the grower. For instance extreme application of the heaviest oil 
sprays on Valencias during October and November, in some cases reduced 
the succeeding crop as much as 50 per cent., and affected the quality of the 
fruit then on the trees.” 

Not all of these effects have been fully verified. Some of them are 
established in the discussion which follows. It should be emphasized that 
these effects result primarily from the application of heavy oils (i.e., 
saturated lubricating oils of high viscosity). 

The quick-breaking white oil sprays were developed particularly with 
reference to California citricultural conditions and it is there that they 
have been most extensively used. As insecticides they are markedly suc- 
cessful and because of the decreasing efficacy of HCN fumigation in Cali- 
fornia due to the development over wide and increasing areas of HCN 
resistant scale (B), heavy oil sprays have rapidly come into use. The 
practical need of a substitute for present methods of HCN fumigation is 
not likely to lessen, but the results herein presented indicate that this 
substitute should be something other than a heavy petroleum oil spray. 
Our data emphasize the extreme importance of a knowledge of the metabolic 
and pathological results following the use of oil sprays. 

Part I 

Some notes on the physiological effects of saturated, white 

PETROLEUM OILS ON ClTRUS 

In order to ascertain something of the metabolic changes induced in the 
plant by the application of petroleum oil as insecticides, the following 
experiments were made. The problem was attacked from three angles, 
namely transpiration, photosynthesis and respiration. The plants used 
were “seed-bed stock” of sour orange ( Citrus aurantium Linn.). 

Transpiration. — The plants for the transpiration tests were taken from 
two nurseries, one in Riverside, California, and one in Glendora, California, 
and were about 25 centimeters in height. Preliminary tests showed that 
the source of the plants is important. Those from the Riverside nursery 
taken in August had an average weekly transpiration rate of 40 grams of 
water per square decimeter of leaf surface, while plants, apparently just 
as thrifty, taken from Glendora, where cultural conditions were not the 
same, gave a weekly average of 21 grams per same unit area. Plants from 
the Riverside nursery taken in February showed a transpiration rate of 
12.5 gm. per week. This indicates that the transpiration rate varies greatly 
with differences of environment — cultural, climatic and seasonal. 
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Two sets of experiments were run, the first between August and October, 
1926 ; the second between February and May, 1927. The data are presented 
in tables I and II. The experimental conditions, aside from season, were 
identical in the two cases. The plants were grown in sealed jars containing 
Hoagland’s nutrient solution. The weekly transpiration losses were 
replaced with distilled water. The leaf surface of each plant was measured 
and the loss of solution determined by daily weighings. The average 
transpiration loss for the two weeks prior to the application of the oil was 
taken as a norm for purposes of comparison. All results are expressed 
in two forms: first, in grams of water transpired per week per square 
decimeter of leaf surface; and secondly, as percentage of the “normal” 
rate as determined prior to treatment. Individual variations between 
plant and plant are considerable and differences of less than fifteen to 
twenty per cent, can not be considered significant. The data presented 
in any one vertical column are comparable, but those in different vertical 
columns are not, owing primarily to fluctuations in humidity. 

Both humidity and temperature records were kept for the first test 
(table I). They are not included for the reason that no significant correla- 
tion could be found. Within the normal range of variation temperature 
alone is not significant, for, if the ratio of relative humidity to temperature 
remains constant, there is no significant change in transpiration. When 
the relative humidity drops, however, there is an immediate increase in 
transpiration. But since the change in transpiration caused by weather 
conditions was constant for all lots included in the tests, it may be disre- 
garded in the present connection. 

The application of oil causes a sharp and abnormal drop in the transpira- 
tion rate, the extent of the disturbance varying directly with the viscosity 
of the oil. In the case of kerosenes and light lubricating oils, recovery is 
effected in from one to three weeks. With saturated oils of high viscosity 
(100-110 seconds Sayboldt) recovery does not begin under six or seven 
weeks and may be delayed much longer than that. The length of time 
required for recovery is also correlated with the amount of oil applied. It 
is more rapid where the oil has been applied in small amounts ( i.e . when 
applied as an emulsion), than where it is applied in large amounts (i.e. 
painted on in pure form). As indicated by experiment no. 12, table I, 
the presence of even a small percentage of unsaturates in an oil is sufficient 
to cause a sharp drop in the transpiration rate and to postpone recovery 
materially. 

Photosynthesis and respiration. — To determine the extent to which 
photosynthesis was affected by an application of oil, a thrifty potted sour 
orange plant somewhat more than 60 centimeters in height was kept in a 
dark chamber for fifteen days, when the leaves gave no further starch 
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reaction to the iodine test. In the evening of the fifteenth day the plant 
was placed in very sulbdued light and was treated as follows : 

Several leaves were painted on both surfaces with (1), a saturated 
white oil of 106 seconds viscosity; (2), with a saturated white oil of 50 
seconds viscosity; and, (3) with a nearly saturated, highly refined kerosene 
oil. The treated leaves were then tagged and the plant returned to the dark 
chamber till the following evening when it was put outside, hence 36 hours 
lapsed before exposure to sunlight. 

Sections were cut from the treated leaves daily and tested for starch. 
It was not until the fourteenth day that those of lot 1 gave a faint reaction 
to starch, and they had not returned to normal on the fortieth day when 
the test was terminated. Lot 2 showed a faint starch reaction on the first 
day and had returned to normal by the fourth. Lot 3 gave starch reaction 
the first day. Checks gave a normal starch reaction the first day. 

In order to determine the extent to which photosynthesis was interfered 
with under orchard conditions, analyses of the starch content of leaves 
taken from a lemon grove which had been sprayed with a white, saturated 
petroleum oil emulsion (viscosity 106 seconds Sayboldt) at 2 per cent, 
concentration, were made at approximately regular intervals. The results 
are set forth in table 111. These lemon trees were sprayed on December 
15, 1926. Surrounding lemon groves were fumigated. Leaf samples were; 
taken at random from both the sprayed and fumigated trees, those from 
the fumigated trees being taken at the beginning and at the end of the 
experimental period. These latter may be considered as a check. The 

TABLE III 

Starch accumulation in lemon leaves sprayed with a saturated white 

PETROLEUM OIL SPRAY 

(Viscosity 106) 

(Field conditions) 


Nature and date op 

TREATMENT 

Grams of starch 
in 5 GRAMS or 
LEAVES 

Per cent, of 

STARCH TO DRY 
WEIGHT OF 
TREATED LEAVES 

Date sampled 


gm. 

per cent. 


Fumigated with hydro- 

0.0986 

1.97 

Dec. 29, 1926 

cyanic acid gas, Decem- 

0.0960 

1.92 

Feb. 25, 1927 

ber 15, 1926 




Sprayed with white oil 

0.0910 

1.92 

Dec. 29, 1926 

emulsion at 2 per cent. 

0.0744 

1.49 

Jan. 12, 1927 

concentration, Decem- 

0.0566 

1.13 

Jan. 21, 1927 

ber 15, 1926 

0.0604 

1.21 

Feb. 8,1927 


0.1160 

2.32 

Feb. 25, 1927 
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results show that the starch content of the unsprayed trees remained con- 
stant within the limits of normal variability and experimental error. In 
the sprayed block the starch content dropped off markedly the first five 
weeks, and then rose rapidly until at the termination of the test it was 
far in excess of that of the check trees. Results similar to the above, 
showing increased starch content in the leaves two or more months after 
spraying have been noted in several other groves. 

An attempt was also made to determine the effect on respiration, by the 
application of a heavy white oil as follows : 

The above-ground portion of a potted Citrus plant was sealed under a 
large bell-jar. A small opening was provided at the bottom for the inflow 
of air, and a second small opening at the top to permit samples to be drawn 
off. The ,air taken out at the top was run through a gas train which 
removed the moisture and then the carbon dioxide was trapped in soda-lime 
and weighed. The amount of air passing through the system was controlled 
by means of an aspirator connected to the train. In this way the volume 
of water flowing from the aspirator was equal to the volume of air entering 
the system. Thirty -six liters of air were drawn through the apparatus for 
each determination. Several determinations were made with the empty 
apparatus to determine the amount of C0 2 normally present in the air. 
This was found to be 0.0166 grams per 36 liters. It is evident that when 
the same amount of air is drawn through the apparatus with the plant 
enclosed and more than this amount of C0 2 is found, that the plant is 
giving off CO 2 , or, in other words is respiring in excess of photosynthesis. 
The point at which these two quantities are equivalent is indicated by line 
“A” in fig. 1, where the results of this test are shown in graphic form. 
The distance of the plotted curve above or below this line therefore shows 
the extent to which the one or the other of these processes predominates. 

Two thrifty untreated Citrus trees about six decimeters in height were 
placed under bell jars as before indicated and the C0 2 value was determined 
for each on four consecutive days. The curve (fig. 1) is well below line 
“A” and shows that photosynthesis was therefore in excess of respiration, 
the plants fixing an average of ten milligrams of C0 2 each day during the 
period covered by the test. Each run lasted approximately five and one- 
half hours. The four-day average is indicated in fig. 1 by the broken line 
designated “Norm.” This is to be considered an average of photosynthetic 
activity for the plants in question, only for this season of the year; it would 
probably be greatly exceeded during the growing season. 

The plants were then treated as follows : The entire leaf surface of one 
was painted with saturated oil of 106 seconds viscosity. The other was 
sprayed with a 2 per cent, emulsion of the same oil. 

The graph, fig. 1, is self-explanatory. Respiration was enormously 
increased, the plants evidently oxidizing great quantities of reserve food. 
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Neither plant had returned to normal at the expiration of a month after 
the application of the oil. The reaction of the two plants differed only in 
degree, as was to be expected. 



It is recognized that the data presented are not sufficient to furnish a 
basis from which to draw definite conclusions. They indicate, however, 
that the application of a viscous, saturated petroleum oil induces profound 
metabolic changes in Citrus trees which persist for an extraordinary length 
of time. 

It seems desirable to emphasize the fact that mere lack of ‘‘corrosive” 
qualities or the possession of “ neutrality” or ‘ ‘ chemical inertness” on the 
part of an oil does not imply that it is without deleterious effects when 
applied to living plants. 

Part II 

The translocation of petroleum oil in the living plant (Citrus) 

Part I of this paper presented in a general way some of the physiological 
effects produced on the metabolism of Citrus by an application of a highly 
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refined, saturated petroleum oil, and indicated that the inhibitory effects 
are of surprisingly long duration. 

Field observations also indicate that the heavier oils are absorbed by 
the leaves and remain therein for a very long period of time. The experi- 
ments already presented show that the functional activity in the leaf is 
partially resumed within about sixty days. In order to ascertain, if pos- 
sible, how the oil was finally disposed of by the plant a histological study 
of oil penetration into the leaf was undertaken. To accomplish this suc- 
cessfully it was necessary to devise a special technique for staining the oil 
within the leaf tissue. It was recognized at the outset that none of the 
solvents in general use could be employed, as they are all oil solvents ; and 
the problem was to fix or clear the leaf without dissolving the oil. Conse- 
quently the use of alcohol, xylol, or any of the essential oils as well as 
Canada balsam was precluded, as was also the paraffin method of preparing 
sections. 

Two kinds of preparations were desirable, (1) a flat gross preparation 
in which the distribution of oil in the leaf could be observed over a relatively 
large area, and (2), cross-sections in which the individual cells could be 
observed in their relation to the absorbed oil thus securing some insight 
into the penetration of oil into the cells themselves. 

For the gross preparations it was necessary to ‘ 4 clear’ 7 the leaf, that is, 
to dissolve the chlorophyll and render the leaf transparent without dissolv- 
ing or disturbing the oil; and for cross-sections, to fix the tissues for 
staining and sectioning also without disturbing the oil. 

A short note in “ Stain Technology’ 7 (4) gave a suggestion which 
materially helped to solve both phases of the problem. This note called 
attention to the use of pyridine in aqueous solution as a carrier for a fat 
stain. Pyridine is soluble in water as well as oil. Both Sudan III and IV, 
and Oil Soluble Red O are soluble in pyridine. When an oil-treated leaf 
is immersed in a saturated solution of Oil Soluble Red 0 dissolved in an 
aqueous pyridine solution, the stain, having a greater affinity for the oil 
than for the aqueous pyridine solution, is taken up by the oil. The solu- 
tion of pyridine can then be removed by washing. In addition it was 
found that an aqueous solution of pyridine is an excellent solvent for 
chlorophyll, thus permitting “the killing of two birds with one stone” for 
it thereby became possible to clear the leaf and stain it at the same time 
without disturbing the oil. 

The technique developed is substantially as follows: 

For flat gross preparations . — Immerse in sixty per cent, aqueous solution 
of pyridine. Heat over water-bath. When discolored pour off and refill 
with fresh solution. Repeat (usually twice is sufficient) till solution 
remains clear and specimen becomes transparent. 
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Immerse for twenty -four hours in saturated solution of Oil Red 0 dis- 
solved in 70 per cent, aqueous solution of pyridine. 

Differentiate in 50 per cent, pyridine. 

Wash in running water. 

Pass through (1) glycerine-water (equal parts), followed by (2) pure 
glycerine. 

Clear in carbol-glycerine (1 part carbolic acid to 2 parts glycerine). 
Heat gently and watch carefully under dissecting microscope till clear. 
Specimen should be turned under-side up, when oil droplets can be seen 
distinctly. 

Pass through glycerine again and mount in glycerine- jelly. 

Allow to harden and seal with clear “Dueo.” 

For cross-sections . — Fix in chrome-acetic acid for 48 hours. 

Wash in running water. 

Immerse in 5 per cent, formalin for 30 minutes. 

Wash again in running water. 

Immerse in 50 per cent, pyridine (aqueous solution) for 10 minutes. 

Stain for twenty-four hours in saturated solution of Oil Red O dissolved 
in 70 per cent, aqueous solution of pyridine. 

Differentiate in 50 per cent, aqueous solution of pyridine until color 
ceases to stream (watch carefully). 

Wash in running water. 

Section. See below. 

Pass through (1) glycerine- vvater, followed by (2) glycerine. 

Mount in glycerine-jelly and seal with clear “Dueo.” 

Inasmuch as imbedding in paraffin is precluded, cross-sections were 
made by means of pith or cork. The freezing method could no doubt be 
used, but the writer has not had the opportunity of trying it. The opera- 
tions of staining, washing, clearing and so on, are carried on with the aid 
of watch-glasses or small shell vials. If watch-glasses are used for staining 
they should be placed in closed petri dishes to prevent excessive evaporation. 
Watch-glasses are preferable for use with cross-sections. Staining may be 
done either before or after sectioning. If done before, shell vials will be 
found preferable. 

For purposes of comparison the following oils were used: 

(1) Heavy, saturated, white petroleum oil of 100-110 seconds viscosity 
Sayboldt at 100° F. 

(2) A medium lubricating oil consisting of an equal mixture of 1 and 3. 
Saturation about 97 per cent. ; viscosity about 67. 

(3) ’ Light, lubricating petroleum oil of about 50 seconds viscosity and 
96 per cent, saturation. 

(4) Light, lubricating oil of 44 seconds viscosity and 67 per cent, satura- 
tion ; an unsaturated oil probably blended with a distillate. 
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It is regrettable that accurate data regarding other physical constants 
of these different oils are not available, such as vapor pressure at ordinary 
temperature, acidity, rate of oxidation, etc. Until such information is 
available much of the value of this type of study is lost. 

Experimental data 

Four potted orange plants were selected, of uniform size (about 6 deci- 
meters in height) and having one or two lateral branches. Several of the 
leaves, from the tip to center of one limb, were carefully treated with oil 
applied by means of a small artist’s brush, the oil being applied to both 
surfaces of the blade as far back as the petiole. The limb was tagged at 
the base of the lowest treated leaf. After treatment the plants were set 
away in the lath house. 

Oil number 1 was taken as an index for the initial penetration tests, 
samples being cut from the leaves at intervals of 1, 2, 4, 8 and 24 hours. 
Owing to the great amount of labor involved, it was not possible to take 
samples from all four treated plants for this initial test. This is unimpor- 
tant, the only possible difference being one of rapidity of penetration, the 
lighter oils penetrating more rapidly. Oil number 3, for example, disap- 
peared from the surface in approximately three days, while oil number 1 
remained a week or more. (See also the data on penetration in part III 
of this paper.) 

At the expiration of the first twenty-four hours and at certain intervals 
afterwards, samples were taken from all four plants simultaneously and 
were treated together, each sample being cut to a distinctive pattern to 
facilitate its recognition. 

After the first 24 hours, samples were taken every three days until it 
became evident that the withdrawal or disappearance of oil from the tissue 
of the leaf, even in the case of the lighter oils, was a very lengthy process. 
The time between samplings was then lengthened to one week. 

The disappearance of oil, either from the surface or from within the 
leaf, was not caused by evaporation, as is generally supposed, except perhaps 
in a very minor degree. As a matter of fact, the evaporation of oils of 
high boiling points and low vapor pressures (lubricating oils) is probably 
a negligible factor at ordinary atmospheric temperatures, especially when 
enclosed within the intercellular spaces of the leaf tissue. Only those oils 
with boiling points within or near atmospheric temperature ranges evaporate 
quickly, i.e ., benzine, gasoline, kerosene, etc. 

Each set of samples was prepared and mounted both in flat gross mounts 
and cross-sections, carefully studied under the microscope and compared 
with preceding lots. 
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Manner of penetration 

Samples taken at the expiration of one hour after treatment showed that 
the cutinized outer integument covering the epidermal cells absorbs oil 
rapidly. On the upper surface of the leaf the oil accumulates in the 
depressions between the cells as shown in fig. 2 A. On the lower epidermis 
it pours through the stomata and runs along the cell walls, frequently 
coalescing into droplets between the outer walls of the guard cells (fig. 
2 B, C). Such droplets disengage themselves and pass into the intercel- 
lular spaces of the spongy chlorenchyma. When drops are not formed at 
this point the oil may run along the outer surface of the epidermal cell 
wall and gradually spread out between the cells of the spongy chlorenchyma. 

At the end of the second hour this process shows further developments. 
A considerable amount of oil now shows along the outer surface of the 
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epidermal cells and there are a number of small droplets scattered here and 
there in the intercellular spaces. Little difference is to be observed on the 
upper surface except that the oil has penetrated deeper into the depressions 
between the epidermal cells. By the fourth hour, however, oil begins to 
appear in the palisade parenchyma (fig. 2 D), apparently having been 
absorbed by the cell walls and carried thence through the epidermal layer. 
It is first seen as a minute “thread” squeezed between the long cells, 
gradually expanding as it descends and finally coalescing in drops at the 
bottom of the palisade cells and passing into the intercellular spaces of 
the spongy chlorenchyma. At the end of twenty-four hours oil is entering 
the leaf from both upper and under surface (fig. 2 E). Quantitatively, 
however, there is little doubt that the greatest penetration occurs beneath. 
See part III. 

As the penetration of oil from the upper surface had not, apparently, 
been demonstrated previously, this feature was checked with positive results 
by treating leaves upon the upper surfaces only. 

General observations 

The oil in the intercellular spaces apparently extracts or dissolves 
materials from the adjacent cells. In unstained specimens the oil becomes 
green in color, having evidently dissolved chlorophyll. In stained specimens 
minute black specks begin to appear in the oil globules at about the third 
day. These bodies grow larger and coalesce, forming black masses which 
pass to the periphery of the droplet and become disengaged. At this stage 
oil can be observed within the cell itself in the form of very minute droplets. 
It gradually accumulates along the larger veins and passes into the vascular 
system. 

When it became apparent that oil was being translocated steps were 
taken to ascertain what became of it. Sections were cut from the lateral 
branch below the treated leaves and also from the main trunk below the 
point of union with the lateral. Longitudinal and transverse sections of 
both of these showed large quantities of oil in the phloem (fig. 2 F), the 
medullary rays (fig. 2 G), and finally in the large storage cells of the pith 
and old wood fiber of the xylem (fig. 2 H). Some cells became full of oil, 
others were apparently in process of being filled. Even in those cells 
already packed with starch grains, oil can distinctly be seen penetrating 
between them. No oil has been observed in wood of the current season’s 
growth j it is carried across and deposited in the pith parenchyma and the 
old wood fibers. How far down the limb this process extends is not known, 
but it is probable that most of the oil is deposited in the smaller twigs and 
limbs and this may account for the great increase in deadwood noted by 
observers in the field following an application of heavy oil. 
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Summarizing, the keveral distinct phases in the elimination of oil from 
the leaves are seen to be : 

(1) Penetration into the intercellular spaces from the leaf surface. 

(2) Entrance of the oil into the cell. 

(3) Entrance of the oil into the vascular system and translocation 

down the leaf trace into the stem. 

(4) Transfer from the phloem across the medullary rays. 

(5) Deposit of the oil in the large storage cells of the pith and in 

the old wood fibers of the xylem. 

Observations on particular oils 

Oil number 4 . — This was the first one to disappear from the leaves. It 
is less viscous than oil number 3 although of about the same degree of 
volatility. It is an unsaturated oil and caused some injury to the leaves, 
destroying the cells in spots, and causing some of the lgaves to drop. The 
older leaves lost their dark green color and became yellowish, but they 
regained their color later when the oil disappeared. The last trace of oil 
was found in the leaf on the 65th day after application. One hundred days 
after treatment, sections were cut from the limbs below the treated leaves. 
Both longitudinal and transverse sections showed much oil in the phloem, 
the medullary rays and the pith and old wood fibers of the xylem. 

Oil number — The last trace of this oil was found in the leaf on the 
107th day after treatment, 42 days after oil number 4 had disappeared. 
Oil was still present in the veins of the leaf at this time. One hundred 
and nineteen days after application and twelve days after the oil had dis- 
appeared from the leaf, sections were taken from the stem about seven to 
eight centimeters below the lowest treated leaf (ten normal untreated leaves 
occupied this interval). A large quantity of oil was found in the phloem, 
in the medullary rays and in the pith and old wood fibers of the xylem. 

Oil number 2 . — The last trace of this oil was found in the leaf 121 days 
after application. There was still much oil in the veins, and sections from 
the stem made later showed the same condition as that described above 
for number 3. 

Oil number 1 . — This was the most viscous oil tested (106-110 seconds 
Sayboldt). A large quantity of this oil was still in the leaf 257 days after 
application . The translocation of this particular oil is extremely slow, in 
correlation with its high viscosity. It may, either partially or completely 
choke certain elements of the vascular system of the leaf for long periods 
of time. Inasmuch as oil has been found in the leaves of specimens taken 
in a commercially sprayed grove no less than sixteen months (480 days) 
after application, it is not improbable that some oil remains in the leaf 
during most, if not all, of its life period. It was therefore decided to 
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terminate the test. The stem was sectioned below the treated leaves. As 
in the previous instances a large quantity of oil was found in the phloem 
and some in the cells of the pith. 

Checks from untreated plots prepared by the same technique were fre- 
quently made, both from leaves and stems. Patty substances, lipoids, 
resins, essential oils and cutin associated with the leaves and cells were 
stained but could easily be distinguished from. the petroleum by their much 
darker color. 

Prom the data presented it may be concluded that viscosity is the single 
factor of greatest importance in determining the mobility of an absorbed 
oil, and the length of time the oil remains in the leaf and vascular system. 
The period of persistence is apparently independent of unsaturation pro- 
vided the tissues are not actually killed. Volatility, as a factor influencing 
the disappearance of an oil of high boiling point from the intercellular 
spaces of the leaf, may be disregarded in practise, inasmuch as this study 
demonstrates that the bulk of this disappearance is due to translocation to 
other parts of the plant. The lighter oils, being the easiest to move, are the 
first to disappear. 

It appears quite evident that the accumulation of starch in the leaves , 
noted in part I of this paper , is due , not to any real stimulation of the* 
plant, but simply to the fact that as the leaf begins to function again, it 
manufactures carbohydrates which it cannot effectively translocate due to 
the overloading of the conducting vessels with oil. 

If this condition persists over a protracted period of time it must even- 
tually react unfavorably on the root system, thus weakening the entire tree. 

The foregoing data suggest an adequate explanation for the many ad- 
verse physiological effects observed in the field following the application of 
heavy, saturated, white petroleum oil sprays. 

Part III 

On some factors IN the problem OF THE ABSORPTION AND TRANSLOCATION 
OF SATURATED PETROLEUM OIL IN THE LIVING PLANT 

The initial penetration of oil into the leaf. — It is generally assumed 
that penetration of oil into the leaf is by way of the stomata. On the whole, 
this belief seems to be sound. The length of time a surface film remains 
on a treated leaf is found to vary with the type of oil and the character 
of the cuticle. Thus a light oil (kerosene for example) applied to a succu- 
lent, herbaceous leaf which is supplied with large numbers qf stomata 
disappears from the surface rapidly, the time varying from a few minutes 
to an hour or so. On leaves of the California Live Oak no free oil (of the 
kerosene type) persists longer than twenty-four hours. No doubt some of 
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this disappearance is - due to volatility. But with a lubricating oil of high 
viscosity (100-110) the case is different. Oil applied to a Malva parviflora 
leaf did not disappear entirely until the end of the third day. In the case 
of the leathery evergreen leaves of the California Live Oak ( Quercus agri- 
folia) and California Bay ( Umbellularia calif arnica ) , the time is very 
greatly increased. On the Bay leaves there were traces of free oil sixteen 
days after application, and oil did not disappear from the Live Oak leaves 
till some time later. The presence of oil was still visible inside the leaves 
of both Bay and Live Oak seven months after application although in 
apparently reduced amount. Leaves of these two plants were also treated 
on their upper surfaces only. The period of persistence of free oil was 
greatly lengthened, and in both leaves when penetration did occur it took 
place primarily along the margins and tip of the underside where the oil 
had drained from the upper surface. Some dorsal penetration was observed 
to occur in the Live Oak leaf where it could not be explained by “under- 
run” but this did not take place to an appreciable extent until the March 
following the application — a period of three months. 

In order to learn more concerning the rate of this initial penetration, 
leaves were removed from different plants and immersed in pure oil. The 
time necessary for complete penetration was recorded. The entrance of oil 
into the intercellular spaces causes the leaf to become translucent. Com- 
plete translucence was taken as the criterion of complete penetration. A 
representative sample of the data obtained is given in the following table 
(table IV). 

The great difference in susceptibility to oil-penetration by different 
leaves is clearly illustrated in the table mentioned. Even those leaves most 
resistant to complete penetration ( e.g Live Oak) show considerable and 
almost immediate partial penetration. Evergreen leaves are, on the whole, 
more resistant to penetration than herbaceous leaves, and leaves adapted 
to xerophytie conditions are most resistant of all. 

The effect which viscosity plays in penetration is evident in the tests 
which follow. The leaves of Cranesbill ( Erodium sp.) immersed in kero- 
sene show complete penetration in 40 to 60 minutes. In saturated petroleum 
oil of 110 seconds viscosity, it required 300 to 360 minutes. 

The resistance of xerophytie leaves of either the succulent or leathery 
type (e.g., Stonecrop and Live Oak) is due to imperviousness of the epider- 
mis. Penetration in such leaves is very rapid if an artificial opening is 
made through the epidermis. The succulent tissues of the Stonecrop absorb 
oil as so much blotting paper if the epidermis be first stripped off. They 
seem to resist penetration indefinitely if it be left intact. The variation of 
the method of penetration into different leaves is shown by the following 
experiment. A lemon leaf and a Live Oak leaf were taken and the tips sliced 



Penetration or kerosene oil into leaves of various kinds. (Isolated leaves in pans of pure kerosene at room temperature) 
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off with a razor. The cut leaves were then immersed in oil. The oil rose 
by capillarity in the lemon leaf and ultimately completely filled the inter- 
cellular spaces up to the point of union of the blade with the petiole. In 
the oak leaf, however, only the mesophyllic sclerenchyma-enclosed polygons 
which were opened by the razor cut filled with oil. This occurred almost 
immediately, but there penetration stopped indefinitely. 

These observations suffice to illustrate the main features of the phe- 
nomena under consideration and to indicate that the factors surrounding 
oil penetration vary both with respect to the type of oil and the character 
of the leaf upon which it is applied. The main factor so far as oil itself 
is concerned is without doubt viscosity. 

Tissue killing by saturated petroleum oils. — When white oils were 
first used as insecticides, verified evidence as to “burn,” i.e., actual tissue 
killing, was lacking. It has since been established that over-application of 
some of these oils does result in killing twigs and even branches of orchard 
trees. There are indications that true leaf-burn may also occur, but in 
all cases which have been personally observed this occurs only when the 
intercellular spaces are completely filled with oil and rendered translucent. 
This does not ordinarily occur in the field because the amount of oil applied 
is generally less than the capacity of the intercellular spaces. 

Leaves of the California Live Oak and California Bay tree were painted 
with a saturated petroleum oil of 110 seconds viscosity on December 20, 
1926. Five months later, of the 57 Bay leaves treated, 3 had dropped; 2 
showed a ten per cent, tip burn, and nearly all the rest showed small mar- 
ginal areas which had been killed by the oil and had eroded away leaving 
the leaf margins irregular. Of the 33 leaves observed as a check, one had 
dropped in that period ; the rest were normal. The under surface of the 
Bay leaf normally possesses a distinct waxy bloom. This was destroyed 
and had not returned at the end of five months. 

The results were similar but more severe in the case of the oak leaves. 
At the end of the five months observation period, of the 48 leaves treated, 
36 had droppd ; 2 showed 20 per cent, burn and ten appeared nearly normal. 
No drop or injury showed on the leaves kept under observation as a check. 
Leaves treated with ordinary kerosene behaved in all respects as the check 
lot. The bloom on the under surface of the Bay leaves although dissolved 
as completely by the kerosene as the heavy oil, had returned within six 
weeks after the application. 

On succulent herbs the effect is still more pronounced. Of 100 ‘ ‘ Cranes- 
bill” ( Erodium sp.) leaflets treated with the saturated viscous oil above 
noted, 33 were “normal” (still impregnated with oil) ; 27 burned or yel- 
lowed and 40 completely dead 15 days after treatment. At the end of one 
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month all were dead. On this plant kerosene kills or ‘ ‘ burns out” large 
areas of leaf surface where penetration is greatest. This burning occurs 
within a day or two after the application. But those areas which are not 
immediately killed do not subsequently die or show other deleterious effects. 

Translocation of oil in the living plant. — In order to verify the 
observations reported in part II concerning the translocation of oil from 
the leaves to the pith of Citrus plants, leaves of the English Laurel (Lauro- 
cerasus laurocerasus ) , a glossy leaved evergreen, were painted with satu- 
rated petroleum oil of 106-110 seconds viscosity. Six weeks later a section 
of the stem well below the treated leaves was removed, the bark shaved off, 
and the resulting woody cylinder carefully scraped to avoid any possible 
surface contamination; this was finely sliced with a sharp razor and 
extracted with C01 4 , A similar extraction was made of a sample from a 
normal branch. From the treated branch 11.2 mg. of CCl 4 -soluble material 
per gram weight of tissue were recovered, while the check yielded just half 
as much or 5.6 mg. per gram of tissue. 

Potato plants were grown and the leaves were treated with the same 
oil noted above, just prior to the time of tuber formation. After two weeks 
further growth, the plants were uprooted and the young tubers were washed, 
sliced and extracted with CC1 4 . The tubers of the treated plant yielded 
5.4 mg. of CCl 4 -soluble material per gram while the check yielded 1.8 mg. 
The test was repeated, the treated plant yielding 18.6 mg. of CCl 4 -soluble 
material per gram of tuber, the check yielding 7.8 mg. There is a large 
quantitative discrepancy here which may be explained by the fact that the 
second lot of material was more finely chopped and was extracted for a 
longer period of time, but inasmuch as each lot was treated in the same 
manner as its control, the general conclusion remains unchanged. In 
addition, the presence of oil exerted a profound effect on tuber formation, 
those of the treated plant were the size of peas at the time of testing, while 
those of the check were the size of large marbles, i.e., four or five times as 
large. 

The ability of the plant to absorb and translocate oil was then tested in 
a third way. Clean river sand was intimately mixed with the same oil 
noted above in the proportion of 6.8 cc. of oil to 340 grams of sand. Beans 
were germinated in this substratum and when the plants had reached a 
height of ten centimeters they were cut off just above the ground line, 
finely chopped and extracted with CC1 4 . From one lot 8.2 mg. of CC1 4 - 
soluble material per gram of tissue were obtained and from a second lot 
10 mg. The check yielded 3.8 mg. under the same conditions. The test 
was repeated with substantially the same results; the plant grown in oiled 
sand yielded 15 mg. of CCl 4 -soluble material per gram of tissue as compared 
with 5 mg. for the check. 
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The sand in the preceding experiment did not appear particularly oily 
and the plants grown therein were apparently normal. 

These results demonstrate the reality of cellular penetration of oil and 
indicate that the plant is capable of translocating oil either from root to 
leaf or vice versa. 

Volatility as a factor in the disappearance of viscous petroleum oil 

Volatility has been regarded as one, if not the only, important factor 
in oil disappearance from a sprayed plant. As late as August, 1928, 
de Ong (3) suggests volatility as the primary factor in oil disappearance. 
This is shown to be in error in the present paper. However, it is certain 
that even heavy lubricating oils when exposed to air do volatilize to a certain 
very limited extent. This was tested as follows : Oils were painted in thin 
films on clean glass plates. One set was exposed to sunlight for a period of 
eight months under conditions which admitted air but excluded dust. A 
second set was kept in the dark in the laboratory. Weighings were made 
from time to time and noted. The results are summarized in table V. 


TABLE V 

Volatility or weight changes in thin oil films on glass, in free air 
(November, 1927, to June, 1928) 


Oil 

Mg. oil to 

area of glass 

Exposure 

Per cent, change 

IN WEIGHT AFTER 

2 MONTHS EX- 
POSURE 

PER CENT. CHANGE 
IN WEIGHT AFTER 

8 MONTHS EX- 
POSURE 

Saturated 

10.8 mg. 

25.5 sq. cm. 




White Western 
Viscosity 106- 

Sunlight 

Loss 43 per cent. 

Loss 89 per cent. 

110 

23.7 mg. 

51.0 sq. cm. 

Dark 

Loss 14 per cent. 

Lpss 27 j)er cent. 

Saturated 

White Western 

16.6 mg. 

51.7 sq. cm. 

Sunlight 

1 

Loss 87 per cent. 

Loss 91 per cent. 

Viscosity 75 

17.0 mg. 

51.7 sq. cm. 

Dark 

Loss 47 per cent. 

Loss 82 per cent. 

Saturated 

White Eastern 
Viscosity 75-85 

1 5.8 mg. 

51.8 sq. cm. 
11.0 mg. 

51.2 sq. cm. 

Sunlight 

Loss 12 per cent. 

Loss 82 per cent. 

Dark 

Gain 2 per cent. 

Loss 4 per cent. 


From these data it is evident that volatility even in the case of heavy oil 
does occur under the conditions of this experiment. It is important to keep 
in mind however that similar conditions do not obtain when oil is applied 
to the plant; in the latter case absorption takes place immediately and is 
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complete in a few days; once within the tissue, the oil is * 4 bottled up.” 
Optical observations in the latter case render it certain that volatility is 
negligible and does not nearly equal the figures given above. Furthermore, 
petroleum oils are not constant boiling point mixtures. Evaporation is 
therefore most rapid at first and involves only the lighter fractions leaving 
the heavier and less volatile residue behind. Once inside the leaf, oil disap- 
pearance is no doubt due primarily to translocation. 

Summary and conclusions 

1. Experience has shown that saturated petroleum oils, although not 
toxic to plants in the ordinary sense of the word, are nevertheless the cause 
of more or less profound and long continued metabolic disturbances in the 
plant which may ultimately become seriously deleterious. 

2. These metabolic disturbances appear to be due to physical rather than 
chemical handicaps imposed by the intrusion of the oil into the plant tissue. 

3. Oil applied as a free cuticular film, either by means of a brush or a 
quick-breaking emulsion, persists as such, for a period of a few minutes to 
fifteen or twenty days, depending primarily upon the morphology of the leaf 
and the viscosity of the oil. 

4. The disappearance of the oil as a free surface film is due to its 
absorption by the leaf. A certain amount of oil is dissipated in gaseous 
form at this time. This amount is negligible except in the case of non- 
lubricating oils. 

5. The leaves of plants which are adapted to xerophytic or arid con- 
ditions are much more resistant to this initial penetration than softer 
mesophytic or succulent leaves. 

6. The resistance offered to this initial penetration is mostly epidermal, 
as shown by the fact that penetration in a xerophytic leaf may be extremely 
rapid once ingress to the interior is obtained. The same factors which 
protect such leaves from excessive water loss appear to be likewise effective 
as a protection against the ingress of oil. Penetration is always most rapid 
in areas rich in stomata but is not necessarily confined thereto. In citrus 
at least, penetration may occur by seepage between the epidermal cells of 
the upper (stomata-free) surface of the leaf. 

7. Oil penetration is not usually uniform over an entire leaf; certain 
focal points are first penetrated and the oil tends to spread peripherally 
from those points. In certain leaves this early peripheral spread is checked 
more or less completely by the network of veins. Penetration in a leaf of 
this sort involves the independent absorption by each of the vein-bound 
polygons of mesophyll. 

8. Beginning within a few days after entrance into the intercellular 
spaces of citrus and extending over a period of many months in the case of 
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a saturated petroleum oil of 106 seconds viscosity, the oil is taken into the 
vascular system of the plant and translocated to the storage tissues (pith 
and xylem parenchyma). 

9. In Citrus plants the absorption of oil has been observed directly by 
microscopical means in the phloem of the leaf traces and stem; in the 
medullary rays of the stem, and in the pith and xylem parenchyma and 
sclerenchyma of the stem. No oil has been observed in xylem tissues of 
the current year’s growth. 

10. During the period of oil penetration and initial translocation, 
transpiration is sharply decreased and respiration enormously increased. 
Photosynthesis becomes temporarily inoperative. This may be due in part 
to the effects of the oil on the chloroplasts. Intercellular oil is shortly 
turned green by the extracted chlorophyll. 

11. Recovery begins quickest in the case of light oils and is indicated 
by the return of transpiration and respiration rates towards normal and 
by the accumulation of carbohydrates in the leaves in abnormally large 
amounts. This latter phenomenon is correlated with the fact that the con- 
ducting vessels (phloem primarily) are still taxed to capacity with the oil 
and hence cannot adequately handle the carbohydrates now beginning to 
be produced in excess of the needs of the leaves. 

12. The increase of carbohydrates in the leaves of Citrus trees recovering 
from an oil treatment is therefore in all probability a pathological phe- 
nomenon and not an indication of more vigorous synthetic metabolism or 
“ stimulation’ ’ as has been maintained. 

13. In addition to visual methods (microscopic) the fact of oil accumu- 
lation in pith and xylem has been verified by another means. Storage 
tissues of branches or plants whose leaves had been painted with oil were 
extracted by means of carbon tetrachloride and the oily materials in such 
tissues were found to be far in excess of the amounts in similar tissues of 
untreated plants. 

14. It was also found that the plant is capable of transporting oils 
from the roots upward to the leaves. The leaves of young beans and peas 
grown in oil-treated sand show a much higher content of oily material 
than plants grown in normal soils. 

15. The intracellular absorption of oils both from the intercellular 
spaces of the leaf and from the soil indicates the passage of oil molecules 
through the cell membrane into the cytoplasm of the cell. 

16. Microscopic observation of all stages in the translocation of oil was 
rendered possible by devising a special staining technique which is described 
in the text. 

17. Experiments with oil films on glass plates indicate that volatility is 
a real factor in the disappearance of even viscous oils in free air. In 
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practise however, due to the enclosure of the oil in the intercellular spaces, 
it is unquestionably negligible in comparison with translocation. 

18. Prom the effects summarized in the preceding paragraphs the con- 
clusion seems evident that heavy white oils (of a viscosity exceeding 60 
seconds Sayboldt) must be used sparingly and with a great degree of 
caution, if, in the future, serious ultimate injury is to be avoided. 
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OPENING OP STOMATA IN DIFFERENT RANGES OF WAVE 
LENGTHS OF LIGHT 1 

J . D . Sayre 
(with four figures) 

The relations existing between the phenomenon of stomatal behavior 
and the factors influencing this have been widely studied and discussed. 
There is a great diversity of opinion concerning the significance of many of 
these factors in regulating stomatal response. This is particularly true for 
light since this factor may vary greatly in intensity, duration, and quality, 
depending on the time of year, the degree of cloudiness, the clearness of the 
atmosphere, altitude, etc. 

The author, in a recent paper (8) dealing with a study of the stomatal 
physiology of patience dock, Rumex patientia L., included a discussion of 
the phenomenon accompanying the opening and closing of the stomata of 
this plant. The variation in the size of the stomatal pore for day and night 
periods is relatively large in this case. 

Historical 

Not much work has been reported on the effect of light of various 
regions of the spectrum on stomata. Kohl (6) reported that the rays 
between B and C and the rays near F were alone effective. Francis Dar- 
win (2) agreed with Kohl as far as the red end of the spectrum was con- 
cerned but did not draw definite conclusions about the blue end. Lloyd 
(7) reported normal behavior of the stomata in light between 540 mp and 
700 mp at the red end and also between 420 mp and 480 nip at the blue 
end of the spectrum. No measure of the intensity of the various regions of 
the spectrum was given by these investigators. Nor was it stated whether 
that part of the red beyond 700 mp was tried. 

Methods 

Daylight was used as the source of light in these experiments. The 
plants used, patience dock, were grown out-of-doors. They were covered 
with tin boxes which were ventilated and light tight. Four ray filters, six 
and a half inches square, were fitted in the top of each box, the box being 
sunk several inches in the soil around the plant. Observations of the 
stomata were made with the leaf in position on the plant. The glass plates 
were placed over the plants in the evening and observations were made at 
short intervals during the follhwing day. 

i Paper from the Department of Botany, The Ohio State University, no. 235. 
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Two series of ray filters were used. The first series, G38L, G38H, G34, 
and G24 2 , absorb successive portions of the visible spectrum, beginning at 
the red and extending towards the blue end. The limits of their transmis- 
sion are shown in figure 1 ; the shaded areas represent the absorbed regions 
and the unshaded areas the transmitted regions. This diagram does not 



Fig. 1. Limits of transmission of the ray filters used in this work. Shaded areas, ab- 
sorbed regions; unshaded areas, transmitted regions. 


give a true picture of the transmission of all these glass plates. For in- 
stances, G55A transmits light to 580 mp but the percentage transmission 
between 520 mjj and 580 m^j is very low. For an accurate comparison of 
the transmission values of these glass plates the Bureau of Standards publi- 
cations (1, 3, 4) should be consulted. The values are also shown in a pre- 
vious article by Sayre (9), in which the curves of transmission for an equal 
energy spectrum of all these glass plates are given. 

The relative distribution of daylight received upon a horizontal surface 
was obtained from Kimball (5). These data which are shown in figures 2, 
3 and 4 are the mean values for the different hour angles of the sun, ob- 
tained by averaging his values. They are for latitude N 41° and for a 
cloudless day, September 21. 

Kimball’s data extend only to 396 mpi in the ultra-violet. Since 
hardly any light shorter than 300 m^ reaches the earth from the sun, the 
curve was extended from 396 mp to 300 mp as a dotted line. Likewise, in 
the red end, the last measurements were given at 776 mjj. But as Abbot 
and others have shown that the energy from the sun extends far into the 
infra-red, the curve at this end has been extended as a dotted line to 800 

2 Trade names or numbers of the glass plates used, Corning Glass Works, Corning, 
N. Y. 
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Fig. 2. Relative distribution of daylight received upon a horizontal surface; and the 
relative and percentage transmission of daylight by the glass plates: series I. 

mp on the same slope as from 700 m p to 766 mp. This makes it possible 
to compare the energy values in this region under the glass plates. 



Fig. 3. Relative distribution of daylight received upon a horizontal surface; and the 
relative and percentage transmission of daylight by the glass plates : series II. 

The relative transmission of daylight by the various glass plates was 
obtained by multiplying their transmission values for an equal energy spec- 
trum by the relative intensities of daylight at various wave-lengths. The 
percentage transmission, figures 2 and 3, was calculated from the areas 
under the curves as compared with the curve of daylight. 

No instruments were available for measuring the actual intensities of 
light under the various glass plates, so this method of calculation had to 
be used. It is recognized that this method may not be very accurate but it 
is believed that the results obtained allow certain conclusions to be made. 

Results 

The results of observations made on clear days are considered here, al- 
though the results on partly cloudy days did not differ materially from 
these. Observations of the stomata under the first series of plates, the 
transmission data of which are given in figure 2, showed that the stomata 
opened and closed normally. Observations under the second series, trans- 
mission data in figure 3, showed the same results, with the exception of 
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G586A. These observations would indicate that all regions of the spectrum 
which are not absorbed by these glass plates are equally effective in bring- 
ing about the opening and closing of stomata. 

Normal opening of the stomata did not occur under G586A, but since 
the intensity under this plate is very low, it cannot be determined from 
these results whether intensity or wave-length was the limiting factor. Un- 
til more convenient methods of measuring intensities in this region are 
available and a better source of ultra-violet light is available this part of the 
problem must be left unsolved. 

It is possible by means of a combination of G585L and G34 to make 
another division of the spectrum at the red end. G585L has a second 
transmission band in the red. When G34 is placed over it the whole blue 
end is absorbed and the band in the red from about 690 m p to far beyond 
the visible spectrum is left unaffected. The intensity under this combina- 
tion is rather low because two plates are used and only a limited region of 
the spectrum is involved. Many observations made under this combination 
showed that there was no opening of the stomata in this region. They 
behaved just as in complete darkness. Since the intensity was low it was 
necessary to prove that this failure to open was not due to lower intensity 
but to specific wave-length of light. This was attempted by observations of 
the stomata on a cloudless day. Comparisons were made with similar 
plants placed under 2-G24 plates, G34 + G585L, in complete darkness, and 
in full daylight. 

Figure 4 shows the relative intensity of the daylight received on a 
horizontal surface and the relative transmission of 2-G24 and G34 + G585L. 
These data were obtained in a manner similar to that described for the 
other glass plates. Table I shows the results of observations on a cloudless 


TABLE I 

Relative transmission of the glass plates and the width of the stomatal pore 

OF PATIENCE DOCK 


Combinations 

of 

GLASS PLATES 

Limits 

of 

transmission 

Transmis- 
sion of 

DAYLIGHT 

300-800 ni|x 

Width of the stomatal pore 

8:30 

A.M. 

10:30 

A.M. 

1:00 

P. M. 

3:00 

P. M. 



per cent . 


M- 

M- 


No cover 

Full daylight 

100 

10-12 

16-18 

0-3i 

0i 

Open box 

a n 

100 

10-12 

16-18 

0-3i 

0i 

1-G24 

60 1-Inf r a red 

21 

6-8 

12-14 

18-20 

18-20 

2-024 

601- “ “ 

12 

6-8 

12-14 

18-20 

38-20 

034 + G585L 

690- “ “ 

10 

1-2 

1-2 

0 

0 

Closed 

Darkness 

1 ° 

1-2 

0-1 

0 

0 


1 Leaves badly wilted. 
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day. The average widths of the stomatal pores are given together with the 
limits and percentages of transmission of the various glass plates, and suit- 
able checks. 



Fig. 4. Relative distribution of daylight received upon a horizontal surface; and the 
relative and percentage transmission of daylight by 2-G24 and 
G34 + G585L glass plates. 

There was a very slight opening of the stomata under G34 + G585L in 
the forenoon. Similar behavior was shown in complete darkness. This is 
a rhythm of the opening of the stomata. It has been reported by several 
other workers in discussing the behavior of stomata. Solne question the 
existence of such a rhythmic movement, but it can be easily observed and 
measured in patience dock. It occurs when plants are placed in a dark 
box after sundown and left there the next day. The stomata remained 
open under all the other glass plates. Without glass plates they opened 
normally but closed in the afternoon when the plants wilted badly. Since 
the intensity under 2-G24 and G34 + G585L was practically the same, the 
only difference being in the region of the spectrum concerned, we must con- 
clude that wave-lengths of light longer than 680 inp are not effective in 
opening of stomata. 

In a previous paper (9) it was shown that no formation of chlorophyll 
as indicated by the greening of seedlings occurred in light of wave-lengths 
longer than 690 mp. No phototropic response by plants occur in this 
region of the spectrum, the limit for this being at 526 mp. Starch accumu- 
lation does not occur beyond 690 mp. This was shown by placing starch- 
free Coleus plants under the glass plates G34 + G585L, and testing them for 
starch at frequent intervals. The results of this latest investigation show 
that stomata do not open in light of wave lengths longer than 690 mp. 
The conclusion from all of these facts is that the limit of the red end of the 
spectrum in its effect on plants is at 690 mp. Wave-lengths of light longer 
than 690 mp are probably absorbed by the plant but they apparently pro- 
duce no chemical or physiological effects. They would be changed to heat 
energy and raise the temperature of the plant or be lost by radiation. 
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Conclusions 

1. The stomata of Humex patientia do not open in light of wave lengths 
longer than 690 mp. 

2. The other regions of the visible spectrum (except the violet and ultra- 
violet) seem to be equally effective. 

3. The limit of the effectiveness of the blue end of the spectrum could 
not be determined from the results of this experiment. 

4. It is suggested that red light beyond 690 mp does not affect plants 
except as it may be absorbed and changes to heat energy. 

Ohio Agricultural Experiment Station, 

Wooster, Ohio. 
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MECHANISM OF CELL WALL FORMATION 

O. L . Sponsler 
(with three figures) 

As an outgrowth of x-ray studies on the molecular structure of cellulose 
walls of plant fibers (12, 13, 14), several steps in the process by which the 
cell wall grows in thickness, seem to have become evident. They are asso- 
ciated with the regularity of molecular arrangement in the wall and with 
the forces which produce that regularity of structure. As the x-ray data, 
during the progress of the investigations, made it more and more certain 
that the structural units are glucose residues, and that they are arranged 
with the regularity of the molecules in a crystal, the concept became clearer 
and more convincing that the mechanism of cell wall growth in thickness 
was associated intimately with the forces which are active in causing that 
regular arrangement of the residues, that is, with forces similar to those 
which produce crystallization. 

The mechanism which is described in the following pages is concerned 
with only one phase of cell wall growth ; that is, with the increase in thick- 
ness of the cell wall. While it may be associated also with the increase in 
surface area as the cell becomes enlarged and even with the formation of 
the original wall, those two phases are not included in the present discus- 
sion. The problem then becomes restricted to a consideration of the mecha- 
nism by which new cell wall material is deposited upon older previously 
formed cell wall. 

Layers in cell wall 

Where fiber-shaped cells have been studied microscopically (1, 2, 11, 
15) the wall has been found to consist of many very thin layers (1, 2, 11), 
which seem to indicate a periodicity in the growth in thickness. Each layer 
is considered as a deposition of new cell wall material upon the surface of 
an older layer, and while each thin layer may perhaps have two surfaces 
available for deposition of new material, we are considering here only the 
innermost layer of the wall and the surface which is in direct contact with 
the cytoplasm of the cell ; that is, the inner surface of the cell wall. Mea- 
surements of these layers show that their thickness is equal to several hun- 
dred or perhaps several thousand glucose molecules (12). The x-ray 
studies indicate that each of these thin layers of microscopic visibility is 
made up of still thinner layers which are invisible and which are only one 
glucose residue in thickness (12). The inner surface of the cell wall would 
be, then, one side of such a layer of glucose residues. 
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Relation of glucose to cellulose 

That the newly deposited material is composed of glucose residues is 
inferred from the works of various investigators. The new layers have been 
shown repeatedly through microtechnical work to be composed of cellulose, 
and cellulose has been shown, through the work of chemists ( 7 , 4 ) to be 
composed of glucose residues. The residue is a C 0 H 10 O 5 type of carbohy- 
drate, an anhydrous form of glucose ; but concerning the nature of the mate- 
rial from which the residue is deposited, that is, the material immediately 
preceding its appearance as cellulose, there is very little discussion in the 
literature. No experimental evidence is available to show that the anhy- 
drous glucose units of the cell wall are derived directly from glucose mole- 
cules. The assumption of its glucose origin is made from the reverse of 
that reaction; that is, since cellulose may be converted into glucose, the 
assumption is that glucose in the cell is converted into cellulose. The for- 
mer is a common laboratory hydrolysis experiment; the latter, glucose to 
cellulose, a condensation reaction in which water is split off, has never been 
accomplished in vitro. It is not known then whether the glucose molecule, 
originating through photosynthesis, becomes transformed first to some com- 
ponent part of the protoplasm and then re-transformed into the carbohy- 
drate, cellulose, or whether it is transformed directly into cellulose. 

In developing the mechanism of cell wall growth, we arc accepting two 
conclusions which seem to be reasonable: first, that the deposition of new 
material is made at the interface between the cytoplasm and the Avail ; and 
secondly, that glucose is transformed directly into cellulose. While the 
mechanism is more readily described by accepting these two concepts they 
might vary considerably without invalidating the mechanism proposed. 

Since the process involves a transformation of glucose molecules at the 
surface of the cell wall into cellulose molecules which become component 
parts of the wall structure, a detailed picture of the molecular situation at 
the interface is necessary. 

Molecular structure of cell wall 

Interpretation of x-ray data shows that the cell wall of plant fibers is 
constructed of units or building blocks of molecular size which have an 
orderly arrangement in three dimensions ( 6 , 10 , 5 , 12 ). The unit of struc- 
ture proves to be an anhydrous residue of (3 d-glucose ( 13 , 9 , 7 ). The em- 
pirical formula for the glucose molecule is C fl H 12 O e ; for the anhydrous 
residue, C 6 II 10 O 5 . Spatially these molecules or groups of atoms are three 
dimensional structures in which the atoms have definite positions allocated 
to them ( 13 , 9 ). The distances between the atoms, and their location with 
reference to one another, are known with sufficient definiteness from x-ray 
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data (3) and from chemical experimental data ( 4 ) to allow a fairly accu- 
rate model of the molecule to be constructed. Pig. 2 is a projection of such 
a model of a 3 d-glucose molecule (13, 9). The carbon atoms are numbered 
1 to 6, and the oxygen atoms are indicated by solid black circles. The posi- 
tions of only two of the 12 hydrogen atoms are shown, as a matter of con- 
venience. These two are represented by the smaller circles attached to the 
oxygens, forming the OH groups which in turn are attached to the carbons 
numbered 1 and 4. This glucose molecule becomes an anhydrous residue 
when the OH is removed from C 4 , and the H from 



Pig. 1. View of inner surface of cell wall showing four chain molecules. Only four 
glucose residues of each chain are shown. Solid black circles represent 
oxygen atoms; light circles, carbon atoms; hydrogen atoms not shown. 

In the wall of the fiber each anhydrous residue has a very definite posi- 
tion with reference to the neighboring residues such that the spacing 
between them in a given direction is uniform. That may be brought out 
more clearly by referring to fig. 1, where sixteen residues are shown, drawn 
practically to scale. The distances from center to center of the residues are 
proportional to the spacings determined from x-ray work with fibers, and 
their relative positions also are in accord with the x-ray data. They repre- 
sent, however, a three dimensional structure, and a more truthful picture is 
obtained when we think of the odd numbered carbons as being raised above 
the page and the even numbered as being in the plane of the paper. Alter- 
nate oxygens are to be considered also as raised above the plane of the paper. 

The picture of the structure as given in fig. 1 represents a surface view 
of the cell wall, such as a minute observer might see, whose senses were 
attuned to atomic dimensions, if he were inside the fiber looking directly at 
the inner face of the cell wall. The units or residues would appear to be 
attached to one another, lengthwise of the fiber, through an oxygen atom 
acting as a bridge between each two residues. The effect would be that of 
long chains with the residues acting as links of the chain. The chains them- 
selves, however, because of the greater distance which separates them from 
one another, would seem to be suspended in space. Fig. 1, then, would 
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represent a section of the inner surface of the wall showing only parts of 
four chains, each part icontaining only four residues. 

Inner surface of cell wall 

On looking through that surface layer of chains, other similar layers 
would be seen, all of them parallel to the surface and separated from one 
another by uniform distances. The distances separating the layers would 
be nearly the same as those separating the chains. We are especially inter- 
ested in the layer which forms the inner surface of the cell wall, because it 
is upon that layer that the new material is deposited. New residues which 
may be laid down on this surface become arranged in the same orderly man- 
ner as the previously deposited residues; that is, they take up positions 
which result in an extension of the lattice structure towards the interior of 
the cell. 

Inner surface similar to crystal face 

The regularity in arrangement of the structural units of the cell wall 
as revealed by x-ray studies is essentially the regularity of crystal struc- 
ture; that is, the residues in the cell wall are directly comparable to the 
molecules in a crystal as, for example, the molecules of sugar in a crystal 
of sugar. The residues, like the sugar molecules, are not only spaced in an 
orderly manner but are also oriented in a definite way with respect to one 
another. It would seem then that forces are involved in locating and ori- 
enting the residues in the cell wall, which are comparable to those acting in 
a similar way on the sugar molecules during the formation of a sugar 
crystal. 

The general conception concerning these forces is that they are due to 
the electrical conditions occurring in the component atoms, which set up 
electrostatic force fields around the molecule ; and that these force fields are 
responsible for the cohesion between the molecules in the crystal (8). In 
some way these force fields produce the orientation of the molecules when 
they are being deposited on the crystal face ; and they also determine the 
location of the molecule. The position which the molecule is forced to take 
is one of minimum potential energy which is also the position of a unit of 
the crystal lattice. 

Since the glucose residues act as lattice units of the cell wall, one is 
led to think that the force fields which determine their position and 
orientation are similar to those acting when molecules are deposited on a 
crystal face. The inner surface of the cell wall then may be considered as 
similar to a crystal face as regards the distribution of forces which are in- 
volved in the deposition of new lattice units. 
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Glucose molecule and its anhydrous residue 

There is, however, this difference, that the sugar molecule has very 
probably the same structure in solution as it has after it is deposited as a 
unit of the sugar crystal ; while the glucose molecule 
in the cytoplasm is slightly different in its structure 
from the residue which acts as the unit in the cell wall. 

As a matter of fact there is a great probability that 
the 3 d-glucose molecule is only very slightly different 
from its anhydrous residue, the difference between 
them being the loss of one OH group and one H atom 
from carbons number 1 and 4, respectively, or vice 
versa. That may be visualized readily from fig. 2. 

It may be that the possibility of the formation of 
cellulose is due to that particular difference and similarity. There seems to 
be no fundamental reason for thinking that the component atoms of the 
molecule and of the residue differ in their general spatial relations to one 
another, although that has not been definitely proved. 



Fig. 2. A single glu- 
cose molecule. The 
carbon atoms are des- 
ignated by number. 
Only two hydrogen 
atoms are shown. 



Transformation of glucose to cellulose 

When w r e accept the general similarity of the two, and assume that the 
glucose molecule could be deposited on the surface of the cell wall as though 
it were a residue, a very interesting state of affairs is brought out. The 
molecule would probably take a position of minimum potential energy, 
which would be the position of a unit of the lattice; 
also it would be oriented nearly, if not exactly, as a 
residue would be if in that place. That may become 
clearer by imagining a glucose molecule (fig. 2) as 
finding the proper position over a surface such as 
represented by fig. 1, and thinking of the molecule as 
the starting point of a new layer. A second molecule 
may be expected to fit into an adjacent position. This 
could be represented by substituting fig. 3 for fig. 2. 
The force fields, or we may say the cohesion, should 
hold these two molecules practically as firmly to the 
surface layer as would be the case if they were an- 
hydrous residues. When the molecules of fig. 3 are 
forced into the proper orientation by forces of the 
surface layer, the two OH’s attached to the numbers 
1 carbons are brought into close proximity. That is decidedly an advanta- 
geous spatial relation for a condensation reaction to take place. The result 
of such a reaction is the formation of a water molecule, OH + H = H 2 0 ; and 
at the same time, the formation of an oxygen bridge between the two glucose 


Fig. 3. Two glucose 
molecules placed as 
they are oriented in 
the cellulose chain, to 
show the position of 
the OH's at time of 
condensation. Smaller 
circles represent hy- 
drogen atoms. 
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residues in which the remaining 0 is used. The paragraph may be summed 
up by saying that the force fields, resulting from the regular distribution of 
the glucose residues in the wall, have made the conditions favorable for a 
condensation reaction, such as the organic chemist usually expects when two 
OH groups are brought close together. 

Relation of lattice to long chain formation 

The conditions are made favorable, however, for the reaction to take 
place in one direction only. It may be seen in fig. 1 that the distance from 
center to center of the residues is too great laterally for condensation to 
occur between adjacent units of two chains ; while in a lengthwise direction 
of the chains the distance is extremely favorable for the reaction. That 
would allow an indefinite number of glucose molecules to be brought into 
position in which the condensations would be made probable; and the 
formation of a long straight chain of residues linked by oxygen bridges 
might readily follow. 

Relation of glucose structure to chain molecule 

The structure of the 3 d-glucose molecule also favors the straight chain 
formation. Evidence from both chemical ( 4 ) and x-ray work ( 13 , 9 ) 
shows that the oxygen bridges are associated with carbons number 1 and 4. 
These two carbon atoms are found to be located on opposite sides of the 
glucose molecule model. That location places them in positions in the 
molecule which are decidedly favorable for the condensation reaction, and 
in positions which permit of a straight chain formation. 

Evidence of a third factor 

Although the molecular and atomic arrangements and dimensions all 
tend towards the formation of cellulose chain molecules, the mechanism de- 
scribed above cannot account for all of the observed facts. The mechanism 
mentioned requires only two factors, (1) the cellulose surface and (2) the 
presence of glucose molecules. It is well known, however, that glucose 
may be present in a cell and no growth take place in the thickness of the 
wall. A third factor, then, must be involved in the growth. It is also 
well known that no growth in thickness of the cell wall occurs after the 
protoplasm has become inactive, although glucose may be xiresent. The 
third factor, then, must be associated with some reaction which can occur 
only when living protoplasm is present. Another well known fact, that 
the wall may grow on one side of the cell and not on another side, indicate 
that the third factor is localized in the cell. And since chunks of cellulose 
do not occur at random throughout the protoplasmic mass inside the cell 
it would seem that the third factor is localized only at the interface between 
the cytoplasm and the wall. 
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Suggestions as to the nature of that third factor are rather meager. 
Speculation suggests many lines of approach. Careful studies of the 
conditions inside of the cell at the time the cell wail is being thickened, 
studies with a view point to determining the concentration of glucoses, and 
the forms in which they occur, the rate of respiration, the water content of 
the cytoplasm, the presence of dehydrating bodies, etc., may throw some 
light upon the remaining parts of the mechanism. 

The use of the expression “ third factor ’ 9 or 4 'third body” is, of course, 
merely symbolical of whatever process or processes must be carried on to 
complete the condensation reaction which was made possible by the surface 
forces of the inner face of the cell wall. 

Summary 

When considering the growth of a cell wall, three stages in the process 
may in general be recognized: (1) the formation of the original or first 
layers of cellulose; (2) the surface area growth of the wall as the cell be- 
comes larger; and (3) the increase in thickness of the wall. The third 
stage only is under consideration in this paper. An attempt has been made 
here to show that inherent in the molecular structure of the wall are forces 
which must share very largely in the process of building up the wall itself 
in thickness at least. 

An outstanding feature in the mechanism of thickness growth, it may 
be pointed out, is the part played by a surface of regularly spaced molecular 
units . The necessity of a surface of some kind on which cell wall material 
may be deposited is in accord with microscopic studies; but concerning the 
molecular structure of the surface, only one kind of foundation surface, 
that of the cellulose wall itself, has so far been investigated. The preceding 
discussions, then, refer only to cellulose surfaces in which the regularity 
of arrangement of the structural units, |3 d-glucose residues, suggests a 
comparison with crystal surfaces in which large molecules act as structural 
units. From that comparison one is led to conclude that the forces of 
crystallization form a part of the mechanism by which glucose molecules 
become converted into cellulose. Upon following that line of thought 
farther, it was found that on account of the particular structure of the 
glucose molecule an opportunity was provided for a condensation reaction 
which would produce long straight chains of residues, or cellulose mole- 
cules. 

It was pointed out that crystallization forces alone could not account 
completely for the transformation of glucose to cellulose; that a third factor 
which seemed to be associated with living protoplasm was necessary. No 
discussion of the nature of that third factor is given. 

Organomolecular Investigations, 

University of California at Los Angeles. 
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THE PURE PIGMENTS, CAROTIN AND XANTHOPHYLL, AND 
THE TSWETT ADSORPTION METHOD 1 

F. M. SCHERTZ 

Introduction 

Ever since the yellow plastid pigments have been investigated in plant 
organs, especially in leaves, there has been considerable controversy regard- 
ing the nature and the number of the pigments present. Stokes supposed 
that there were two and Sorby three xanthophylls. Borodin observed that 
many crystallizable yellow substances, whose solubilities differed, were 
present in leaves. He recognized two groups, the carotins, to which belong 
crystals easily soluble in benzene and difficultly soluble in alcohol, and a 
second group the representatives of which dissolve very slightly in benzene 
and easily in alcohol. Arnaud believed that only a single yellow pigment 
was present and that this was carotin. Monteverde, Tschirch, Tswett 
and Schunck confirmed and enlarged upon these observations. Later 
Willstatter and Mieg isolated a representative of each of the groups as 
designated by Borodin. The large yield of carotinoids obtained by Will- 
statter and his coworkers makes it seem highly improbable that other yel- 
low plastid pigments are present (10). A very complete review of the 
literature is given in the monograph of Willstatter and Stoll in 
chapter XII. 

Tswett by means of his chromatographic adsorption apparatus has 
attempted to further resolve the yellow pigments. For example, by filtering 
a carbon disulphide solution of the leaf pigments through a column of 
calcium carbonate, carotin passes through without being adsorbed. In addi- 
tion to the green pigmented zones are four zones of yellow pigments, which 
Tswett distinguished as a, a 1 , a 11 , and (3. In the spectrum they show small 
relative differences in the position of their absorption bands, and as yet 
these pigments have not been crystallized or isolated in the pure state. 
Tswett holds the view that the xanthophyll of Willstatter and his co- 
workers is a mixture of two or three isomorphic xanthophylls while Will- 
statter has suggested that it is possible that the original pigments have 
been changed by oxidation during the process of separation. It is the pur- 
pose of this paper to support the contention of Willstatter. 

1 Soil Fertility Investigations, United States Department of Agriculture, Washing- 

ton, D. C. 
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Inconsistencies in recent literature 

Results described in recent literature show that the method of Tswett 
has been employed, and in a jiaper on xanthophyll (5) certain inconsis- 
tencies reported in the literature have been noted by the writer. The incon- 
sistencies referred to are to be found in a paper by Gill ( 1 ) and others in 
a paper by Palmer and Eckles (3). 

Gill states that “in certain cases none of the pigments is extracted from 
a petroleum ether solution of the pigments by 80-90 per cent, alcohol, while 
large amounts of the pigments are adsorbed by calcium carbonate . 9 9 Since 
the pigment is not extracted from petroleum ether it would be carotin ; and 
since it is adsorbed by calcium carbonate it would be xanthophyll. But 
surely it cannot be both pigments at the same time. 

Palmer and Eckles report that the “xanthophyll-like constituents of 
yellow com were not adsorbed by calcium carbonate from a carbon disul- 
phide solution and on the other hand the pigments could be completely 
extracted from a petroleum ether solution by 80 per cent, alcohol.” 

No attempt was made by these authors to explain their results and in 
fact nothing was said in their work regarding the peculiar behavior of the 
yellow pigments, with which they were dealing. It would appear then that 
either the method of fractionation as described by Willstatter must be 
faulty or that Tswett ’s adsorption method docs not separate xanthophyll 
from carotin. 

Before turning our attention to an explanation of the inconsistencies 
mentioned above it will perhaps be of interest to have briefly summarized 
some of the statements made by various writers concerning the different 
xanthophylls which have been described. 

Tiie xanthophylls of Kohl 

Kohl (2) described two xanthophylls. The xanthophyll as described 
by Schunck, Kohl called a xanthophyll, which has four absorption bands 
beyond the Fraunhofer line F. This xanthophyll was not obtained in 
crystalline form, yet it has many of the properties of the xanthophyll de- 
scribed by Willstatter and may be regarded as representative of the 
xanthophyll which we know today. 

The xanthophyll described by Tschiroh, Koiil has designated as 3 
xanthophyll. This xanthophyll Kohl states is present in all types of leaves, 
green, yellow and autumnal ; and a solution of it possesses only end absorp- 
tion. 3 xanthophyll was present mostly in the cell sap and could be ex- 
tracted by boiling water, forming a dark yellow, yellow, or yellow brown 
solution. When ammonia was added the aqueous solution darkened and 
with alkali it became orange colored. Petroleum ether would not extract 



SCHERTZ ; PURE PIGMENTS 


339 


any of this yellow pigment from an alkaline solution. If the leaves were 
extracted with alcohol after the water extraction, and ether and water then 
added, the ether took up the carotin and traces of a xanthophyll, while some 
of the o xanthophyll remained dissolved in the aqueous alcohol. Normal 
chloroplasts were found by Kohl to contain little a xanthophyll and little 
3 xanthophyll while autumn leaves contained little a xanthophyll and much 
3 xanthophyll. 

Now, practically every word of the above description of the two xantho- 
phylls is applicable to pigments which are well known today. One of these 
pigments, a xanthophyll, is now called xanthophyll while the data above for 
3 xanthophyll exactly describes what arc known today as the flavones. It 
is apparent then that no further discussion is needed regarding the two 
xanthophylls, a and 3, described by Kohl. 

The xanthophylls of Schunck 

In a paper by Schunck (6) it is reported that two yellow coloring mat- 
ters were found accompanying chlorophyll in crude alcoholic extracts of 
healthy green leaves. The one was called chrysophyll (carotin) and the 
other xanthophyll (a pigment not readily adsorbed by charcoal). A third 
yellow pigment was sometimes found along with the xanthophyll. This 
pigment gave no absorption bands, but only an obscuration in the violet and 
ultra-violet region of the spectrum. In the latter case separation could be 
effected by ether. Evidence showed that other yellow coloring matters 
existed. Xanthophyll was believed by him to be the predominating yellow 
coloring matter accompanying chlorophyll in the healthy green leaf. 
Chrysophyll (carotin) and xanthophyll each gave characteristic absorption 
bands in the violet and the ultra-violet region, the former consisting of 
three bands and the latter of four, but in slightly different positions. 

It is certain that Schunck was dealing here with carotin, xanthophyll 
and the flavones as we know them. In addition, he seems to have been 
dealing with other yellow pigments, probably oxidation products of carotin 
and xanthophyll. 

In another paper by Schunck (7) three xanthophylls, L, B, and Y, are 
described. Alkalies appeared to have no effect upon the members of this 
group and saponification did not appear to alter them. They were never 
obtained in the crystalline form but each was found to possess three absorp- 
tion bands. These pigments were distinguished by different spectroscopical 
reactions with acids. Hydrochloric acid had no immediate effect upon the 
spectral absorption bands of L xanthophyll, but produced an immediate and 
striking effect upon the spectra of B and Y xanthophylls, their solutions 
becoming paler in color. The solutions then became greenish blue and 
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finally colorless. L xantliophyll was more soluble in carbon disulphide than 
the B and Y forms. 

Summarizing the properties of L xanthophyll as given by Schunck may 
assist us in ascertaining the true nature of the pigment. Hydrochloric acid 
had no immediate effect upon L xanthophyll, but the bands faded after a 
time. Nitric acid caused the color of the pigment to fade at once. The 
L xanthophyll was more soluble in carbon disulphide than were the B and 
Y forms. The L form was more or less stable, its alcoholic solution showing 
but little change even after several weeks when kept away from the light. 
With hydrochloric acid no color reaction was produced in either alcoholic 
solutions of chrysophyll or those of L xanthophyll. Towards acids, hydro- 
gen peroxide and nascent hydrogen, chrysophyll and L xanthophyll behaved 
very similarly although chrysophyll withstood the action of hydrochloric acid 
to a greater extent. The absorption bands of the two arc very similar, a 
slight shift being the only difference. 

All of the properties reported for L xanthophyll, in the above para- 
graph, are in perfect accord with those for carotin and there is no doubt 
that the L xanthophyll described was carotin. The only reason why 
Schunck did not call the two pigments (L xanthophyll and chrysophyll) 
identical appears to be due to the fact that L xanthophyll was never ob- 
tained in the crystalline state. He remarks that “in none of the flowers 
experimented with was any chrysophyll obtained.” Today we know that 
it is highly probable that carotin is present in all of the twenty flowers with 
which he worked, since the experience of the writer has shown that carotin 
often may be present in plant materials but may not always be obtainable 
in the crystalline form. 

Our attention will now be directed to his B and Y xanthophylls. 
Schunck found that B xanthophyll greatly exceeded Y in the tissues ex- 
amined. The bands of the xanthophylls exhibited a gradual shifting toward 
the violet, those of chrysophyll being the least refrangible, the order being 
chrysophyll, L, B, and Y xanthophyll. On standing, the three xanthophyll 
extracts generally gave an indication of a fourth more refrangible band. 
Practically the only distinction Schunck made in his B and Y xanthophylls 
was the slight difference in the position of the absorption bands. He always 
speaks of B and Y xanthophyll having certain properties and these proper- 
ties in general agree very closely with those for xanthophyll. Also, he does 
not mention having found B and Y in the flowers of the same plant, all of 
which tends to show that the two are the same. The evidence then seems 
to show that Schunck was working with carotin and xanthophyll, the L 
xanthophyll being carotin and the B and Y forms being xanthophyll. Oxi- 
dation of the pigments, too, must have played a part in his observations ( 8 ). 
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The xanthophylls of Tswett 

Tswett (9) apparently deals with several different xanthophylls. To 
obtain a clear idea of his work it will perhaps be best to start with the ex- 
traction of the pigments from the leaves according to his procedure ( 8 , p. 
321). Fresh leaves, preferably Lamium, were ground with fine emery in 
a mortar. Extraction was accomplished with petroleum ether which con- 
tained 10 per cent, alcohol. The green solution was then washed repeatedly 
in a separatory funnel with double its volume of water. After the turbid 
solution was filtered or centrifuged it was suitable for adsorption experi- 
ments. If the petroleum ether chlorophyll solution was shaken with pre- 
cipitated calcium carbonate the pigments were precipitated, and with an 
excess of the precipitating agent only carotin remained in solution. If the 
carotin solution was shaken with 80 per cent, alcohol, the aqueous alcoholic 
phase remained colorless. The pigments were then completely removed 
from the precipitating agent by means of alcohol containing petroleum 
ether. After treating the bluish-green solution with 80 per cent, alcohol, 
the bluish tinged petroleum ether solution contained the chlorophyll while 
the alcoholic layer contained chiefly the xanthophyll. 

If to the original petroleum ether solution of chlorophyll the adsorp- 
tion agent was added gradually till the fluorescence disappeared, then the 
xanthophyll as well as the carotin remained in solution. The xanthophyll 
was freed of carotin, by treating the carotin-xanthophyll solution with an 
excess of the adsorption agent. The pigment xanthophyll was extracted 
from the adsorption medium by means of alcoholic petroleum ether. The 
xanthophyll mixture thus obtained showed absorption at 480-470 mp and 
452-440 mp. If shaken with 80 per cent, alcohol the pigment remained 
almost completely in the alcoholic phase. 

From the above description there is no doubt that Tswett was really 
dealing with carotin and xanthophyll, for the solubility in ethyl alcohol and 
the absorption in the violet region both indicate xanthophyll ; and the man- 
ner in which the carotin solution was obtained shows us clearly that his 
pigments were carotin and xanthophyll as we know them today from Will- 
statter ’s work. One point may well be taken up here; from the foregoing 
description of the method of preparing the pigments for use in the adsorp- 
tion work it is very evident that Tswett was never at any time dealing with 
pure pigments for not once were the substances crystallized, nor did he re- 
port any attempt made at crystallization. It may be assumed then that 
each of the solutions (carotin and xanthophyll) contained considerable 
traces of the other yellow pigment as well as large amounts of oxidation 
products of both of the pigments. This point must be clearly evident to 
any one who has isolated crystals of carotin or xanthophyll from their 
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respective carotin (petroleum ether) and xanthophyll (alcohol) fractions, 
and has noticed the large amount of noncrystallizable material remaining. 

The chlorophyll mixtures used by Tswett in his adsorption apparatus 
were generally obtained as described below : The leaves were ground with 
fine emery and a little calcium carbonate or magnesium oxide as neutraliz- 
ing material, and were then extracted by means of alcoholic petroleum ether 
(1 : 10), after which the alcohol was carefully washed out of the petroleum 
ether by means of distilled water. The washing here was very thor- 
oughly done, otherwise the alcohol and the water interfered with the adsorp- 
tion bands of the chromatogram. Often the neutralized ground leaves were 
extracted with alcohol, acetone, ether or chloroform, which was distilled off 
in a vacuum and then carbon disulphide was used to again dissolve the 
pigments. The carbon disulphide solution of the pigments was used to 
obtain the chromatogram. 

Tswett recognized seven zones in the chromatogram and described them 
as follows, beginning at the top : 

Zone I — Colorless. 

II — Yellow, xanthophyll (3, an alcoholic solution of the pigment ab- 
sorbed in the regions 475-462 m p and 445-430 mp. The pig- 
ment remained in the alcoholic phase of an aqueous alcoholic, 
petroleum ether system. Hydrochloric acid turned the alco- 
holic solution blue. All of the pigments of the various zones 
may be washed out quite readily. Ten per cent, alcoholic 
petroleum ether washed out xanthophyll from the adsorption 
medium. 

III— Chlorophyll (3. 

IV— Chlorophyll a. 

V — Yellow. Xanthophyll a 1 and a 11 . If benzene is poured into the 
tube containing the zones of color, zone V washes out slowly 
and forms a double ring. 

Accordingly Tswett assumed that two xanthophylls were present. The 
absorption spectrum of zone V was pushed a little further toward the ultra- 
violet than was the spectrum of xanthophyll a. 

VI— Colorless. 

VII — Orange yellow. Xanthophyll a. This pigment remained in the 
alcoholic phase of an aqueous alcoholic petroleum ether mix- 
ture. It bleached when hydrochloric acid was added and did 
not become blue. The position of the bands was 485-470 mp 
and 455-440 mp in an alcoholic or petroleum ether solution. 
When benzene was poured into the tube, zone VII was washed 
out at once. 
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Carotin passed through without being adsorbed. The carotin remained 
in the petroleum ether layer of an aqueous alcoholic petroleum ether mix- 
ture. The addition of concentrated hydrochloric acid did not turn its alco- 
holic solution blue. The absorption of the carbon disulphide solution was 
525-510 mu, 490-472 mp and weakly at 460-455 mp. In petroleum ether 
the bands were located at 492-475 mp and 460-455 mq. 

Only the portion of Tswett ’s work which refers to the yellow pigments 
has been quoted in full for it is with the yellow pigments alone that this 
paper is concerned. We are concerned not with the carotin fraction but 
with the various xanthophylls which he has described. It will be observed 
that impure solutions of pigments were used in all of the work. Large 
amounts of oxidized products of both carotin and xanthophyll undoubtedly 
were present in the pigment mixtures used. 

The work of Palmer and Eckles and Tswett ’s chromatogram 

Perhaps Palmer and Eckles ( 4 ) have done more with Tswett ’ s ab- 
sorption column and his methods than any other worker or group of work- 
ers. The yellow pigments were separated from the butter fat by saponify- 
ing for $ hour with a 20 per cent, solution of alcoholic potash, at the tem- 
perature of the boiling solution. Three volumes of distilled water were 
added and the pigment was shaken out with ether, which was then washed 
and dried. The plant pigments of alfalfa were extracted by adding carbon 
disulphide to the ground material and allowing it to stand several days. 

In all of the experiments on butter fat and alfalfa it is noteworthy that 
a carotin-like substance passed through the calcium carbonate in the 
chromatogram. A xanthophyll-like substance was adsorbed somewhat and 
then there was a yellowish substance which could not be removed at all by 
carbon disulphide, but could be removed by alcoholic petroleum ether from 
the chromatogram. In the case of butter fat (3, p. 352) the portion which 
passed through constituted about 98 per cent, of the total pigment. The 
adsorbed portion consisted of approximately 2 per cent., while about 8 per 
cent, of the portion which passed through was alcohol soluble. The authors 
do not seem to make any distinction as to whether the pigments are frac- 
tionated by dissolving them in a petroleum ether solution and then frac- 
tionating by means of alcohol, or by dissolving them in alcohol and then 
fractionating by adding successive portions of petroleum ether. The man- 
ner of fractionating would make a great difference in the quantitative 
results, for by extracting the alcoholic solution, the xanthophyll fraction 
would appear to be less than it really is, and, besides, part of the xantho- 
phyll would appear to be carotin. (The proper method of separating 
carotin from xanthophyll is to fractionate a petroleum ether solution of the 
mixed pigments repeatedly with aqueous methyl alcohol.) 
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Palmer and Eckles in their feeding experiments to determine the pig- 
ments present in butter fat, studied the pigment content of the feeds used. 
In the unsaponifiable pigments (3, p. 361) of cottonseed meal they found 
equal parts of carotin and xanthophyll, the xanthophyll being made up of 
at least five different constituents according to their adsorption properties. 
The chief xanthophyll is not adsorbed to any extent by calcium carbonate 
from its carbon disulphide solution, which also shows in the spectroscope a 
shifting of the bands toward the blue, from the normal xanthophyll bands. 
The remainder of the xanthophylls were held so firmly by the calcium 
carbonate that they could not be readily removed by a stream of carbon 
disulphide. One per cent, alcoholic petroleum ether would easily wash all 
of them out. 

The yellow pigments of yellow corn (3, p. 362) were not adsorbed from 
either petroleum ether or carbon disulphide by calcium carbonate. Petro- 
leum ether readily extracted the pigment from its concentrated 80 per cent, 
alcoholic solution but it could be completely reextracted from its petroleum 
ether solution by fresh 80 per cent, alcohol. In this respect it differed from 
any xanthophyll -like pigment yet investigated. The minor constituents of 
the com pigments, as to solubility, spectroscopic, and adsorption properties 
resemble carotin. A carbon disulphide solution of yellow pigments from 
carrots was passed through the chromatogram. Only a small portion of the 
pigment was adsorbed and this was not differentiated into zones. It was 
readily washed out with alcoholic petroleum ether. The xanthophyll here 
was only 3-4 per cent, of the emire yellow pigments. Zone I was entirely 
different from all of the others; its alcoholic solution turned bluish-green 
when concentrated hydrochloric acid was added. This xanthophyll the 
authors believed to be identical with xanthophyll 3 of Tswett and xantho- 
phyll 3 of Schunck. 

Since the authors usually extracted the yellow pigments from alcohol by 
means of petroleum ether, not much reliance can be placed upon their quan- 
titative data regarding the amount of carotin or xanthophyll present in the 
various substances. 

All of the xanthophylls reported in this paper have already been corre- 
lated except those described by Tswett, Gill, and Palmer and Eckles and 
these will now be considered. 

Experiments with pure xanthophyll and pure carotin 

Investigation showed that by using practically pure solutions (5) of 
xanthophyll only a very little, or none, of the pigment was absorbed when a 
carbon disulphide solution of xanthophyll was passed through a tube filled 
with calcium carbonate. If the carbon disulphide solution after being passed 
through a calcium carbonate column was allowed to stand for a day or more, 
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and then again put through the tube, more of the pigment was adsorbed. 
Usually the longer the carbon disulphide solution of xanthophyll stood, 
exposed to air and sunlight, the greater would be the amount of the adsorbed 
yellow pigment. This adsorbed yellow pigment, when washed out by means 
of 95 per cent, ethyl alcohol, and taken up in petroleum ether, may 
be wholly extracted from the petroleum ether by means of 92 per cent, 
methyl alcohol ; hence it had the properties of xanthophyll. 

Carotin behaved in approximately the same way that xanthophyll did. 
Pure solutions of both in carbon disulphide left only traces of yellow pig- 
ment in the adsorption column, while solutions which were partially oxi- 
dized left a band of yellow in the calcium carbonate tubes. Xanthophyll 
always left much more of the adsorbed pigment behind. 

An experiment may serve to show the relative properties of the two 
pigments. After adding pure solvent (CS 2 ) to an adsorption tube, 5 cc. 
of pure carotin solution was added. In about 4 minutes, and by adding 
10 cc. of pure carbon disulphide, all of the carotin had passed through the 
column, save a mere trace. An equal amount of xanthophyll solution of 
approximately the same concentration as the carotin solution required more 
than 15 minutes and at least 50 cc. of carbon disulphide before the carbon 
disulphide passing through the adsorption tube became colorless. A yellow 
zone usually remained. This indicated in a way the relative speed with 
which the two pigments passed through a calcium carbonate column. It is 
certain that carotin passed through the column much more rapidly than 
xanthophyll did, but in a mixture of the two pigments it would be very dif- 
ficult to say just when carotin has ceased coming through and when xantho- 
phyll had begun. Or perhaps the period of the last traces of carotin and 
the first traces of xanthophyll might easily overlap each other and thus 
there would be no sharp separation of the two pigments by the adsorption 
method. The method cannot be recommended to distinguish carotin and 
xanthophyll. However, it might be of some value after considerable experi- 
ence with it. On the other hand, the method of separating the two pig- 
ments by means of petroleum ether and methyl alcohol is absolutely reliable, 
easy to perform, even by beginners, and in every way is far more satisfac- 
tory than the adsorption method. There is little chance of making errors 
by this method. 

Explanation of the inconsistencies in recent literature 

There remains for us to make clear a few of the cases which have been 
cited above. In considering the regions or zones described by Tswett, it 
is necessary to use caution for it is to be remembered that chlorophyll in any 
one of its many forms may appear in the different zones and cause color 
changes which are very misleading. 
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Zone II (xanthophyll |3) of Tswett is undoubtedly composed of oxidized 
xanthophyll, since pure xanthophyll would wash out by further washing 
with carbon disulphide. Zone V (xanthophyll a 1 and a 11 ) and VII (xantho- 
phyll a) are apparently made up of pure or partially oxidized xanthophyll, 
but an explanation of why it separates into zones here, is another matter. 
Since stages in the oxidation of xanthophyll have not been studied, nor the 
oxidation of xanthophyll ever controlled, it is not possible to say definitely 
that these zones are stages in the oxidation of xanthophyll; but the fact 
that the xanthophyll separates into zones and that oxidation of xanthophyll 
causes a band to be found in the adsorption column, all lead us to suspect 
that the phenomenon of Tswett is probably the result of different stages 
of oxidation of xanthophyll. 

The yellowish substance, which could not be washed from the chromato- 
gram by carbon disulphide and which Palmer and Eckles found in butter 
fat, is undoubtedly an oxidized carotinoid. The chief pigment of cottonseed 
meal was found to be xanthophyll (by Palmer and Eckles) which was not 
adsorbed by calcium carbonate. This non-adsorption is not surprising, for 
pure xanthophyll is not adsorbed. The yellow corn pigment was not ad- 
sorbed by calcium carbonate, and petroleum ether extracted the pigment 
from 80 per cent, alcohol ; but the pigment in turn could be completely re- 
extracted from the petroleum ether by means of 80 per cent, alcohol. 
According to the authors it differed from all other xanthophylls in this re- 
spect. Since all of the above characteristics are those of pure xanthophyll, 
nothing is strange about the behavior of the pigment. In the case of the 
carotinoids from carrots only a small portion of the pigment is adsorbed, 
which was exactly what would have been expected with carotin. 

The statement by Gill is perhaps the most difficult to harmonize with 
the properties of the yellow pigments. He states that in certain cases 
(yellow corn, mustard, and orange peel) none of the pigments is extracted 
by 80 per cent, alcohol from petroleum ether. This would indicate carotin 
in all 3 plant materials. Further he says that large amounts are adsorbed 
by calcium carbonate; this would indicate xanthophyll. Since oxidized 
xanthophyll behaves in regard to alcohol and petroleum ether in the same 
manner as pure xanthophyll, the adsorbed portion could not have been 
xanthophyll nor its oxidation product. The only other possibility is that it 
is oxidized carotin, since pure carotin would not be adsorbed, and this is not 
possible in the case of the pigment of yellow com, which was one of the cases 
in question ; the pigment present in yellow corn is known to be xanthophyll 
with only a trace of carotin. Since Palmer and Eckles give exactly the 
opposite properties regarding the adsorption of the chief pigment of yellow 
com and since the properties of this pigment as they describe it agrees with 
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those of xanthophyll it is assumed that the observations of Palmer and 
Eckles are correct. 

The pigment extracted from orange peel has been investigated by the 
writer and it was found that none of the pigment was adsorbed from a car- 
bon disulphide solution by calcium carbonate, while none or only a very 
little was extracted from petroleum ether by 80-92 per cent, methyl alcohoL 
This would indicate that the greater portion or nearly all of the pigment in 
orange peel is carotin. Here again it is shown that adsorption of the pig- 
ment is questioned, for the observations reported here, and those of Gill 
who used Tswett’s methods are contradictory. However, observations 
made in this investigation and those of Palmer and Eckles, regarding the 
distribution of the pigment between petroleum ether and methyl alcohol 
agree. These facts show again the unreliability of the method described 
by Tswett for distinguishing carotin and xanthophyll, and also that the 
methods of Willstatter may be relied upon. 

Summary 

1. A brief summary is given of the work on the yellow pigments. 

2. Certain apparent inconsistencies in the literature are pointed out and 
published statements regarding the carotinoids are shown to harmonize with 
known data for xanthophyll and carotin. 

3. The xantliophylls (a and 3) of Kohl are shown to be xanthophyll 
and flavone respectively. 

4. The chrysophyll, xanthophyll, and the third yellow pigment of 
Sciiunck are shown to be carotin, xanthophyll, and flavone respectively. 
Sciiunck’s L xanthophyll apparently is carotin, while his B and Y xantho- 
phylls are xanthophyll. 

5. Tswett’s xanthophyll 3 apparently consists of oxidized xanthophyll. 
His xanthophylls a, a 1 and a If , from his descriptions, have properties very 
similar to those for pure xanthophyll, and most probably result from slight 
oxidation of the pure pigment. 

6. Pure carotin has been shown to be unadsorbed by calcium carbonate. 
Pure xanthophyll is only relatively adsorbed, that is, it passes through an 
adsorption column more slowly than does carotin. 

While Tswett’s methods have been shown to be unreliable in identify- 
ing and distinguishing carotin and xanthophyll, the methods of Willstat- 
ter have been shown to be more dependable for this purpose. 

Department of Agriculture, 

Washington, D. C. 
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GROWTH STUDIES ON FRUITS. RESPIRATION OF TOMATO 

FRUITS 1 

■ • i 

Felix G* 6ust|fson 
(with three figures) 

The measurements of respiration here reported have been made as a part 
of a general study of the growth of tomato fruits. The fruits used have 
partly, come from plants grown in the open during the regular growing 
season and partly from plants grown in the greenhouse during the winter. 
The plants grown in the greenhouse have been supplied with additional 
light during the period of shortest days. The fruits from these plants have 
been normal in all respects so that comparisons can be made between fruits 
grown out of doors and indoors. 

The experiments have been conducted and the amount of carbon dioxide 
determined as reported by Hover and Gustafson in another paper (6), 
except that the length of time of each experiment has been much shorter. 
In all of the experiments cited only one fruit was used in each container, so 
that the figures given are not averages for several fruits, but rather values 
for individual fruits. In all of these experiments the fruits were picked 
from the vines about a half hour to an hour before the experiment was 
started. 

The first experiments were conducted in the fall of 1927 on Livingston 
Globe and John Baer tomatoes grown in the field. The fruits used were of 
known age. Once a week during the summer flowers that had just opened 
were tagged. This supplied me with fruits differing in age by one week, 
ranging from one week old to six, seven or eight weeks, or mature fruits. 

In these first experiments fruits of different ages were selected, and no 
attention was paid to state of development or ripeness. Fig. 1 illustrates 
the results obtained with Livingston Globe. The John Baer fruits gave 
similar results, which were not quite as complete and for that reason are not 
included in this figure. In experiments A and B the youngest fruits were 
8 and 9 days old, respectively, and the other fruits 1, 2, 3, 4, and 5 weeks 
older. It is to be noted that as the fruits become older the respiration de- 
creases rapidly at first and then more slowly. Experiment C, which was 
conducted 4 days later than B, shows that the respiration of the youngest 
fruit was lower than in the preceding experiments but it agreed with what 
one would be led to expect from the curves A and B. Experiment D, which 
was conducted a week later than C, or when the youngest fruits were 3 
weeks old had a rate consistently somewhat lower than expected, but this 
may have been due to a lower temperature. 

1 Paper from the Department of Botany of the University of Michigan, no. 301. 
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It will be noted that at no time was there an actual increase in respira- 
tion, but always a decrease. Several years ago Hover and the writer noted 
that as leaves of sorghum, corn, oats and wheat matured, i.e., aged, there 
came a period of minimum respiration after which there was an increase. I 
had expected to find a similar condition for fruits also but, as the curves 
show, it was not realized. 

For a while it was thought that the difference in respiration rate of 
fruits of different ages might be due to size ; i.t small fruits having a rela- 
tively larger surface than large fruits, might possibly respire more per gram 
of material than large fruits, which have a relatively smaller surface 
through which the absorption of oxygen and excretion of C0 2 takes place. 
In the fall and winter of 1927 experiments were therefore conducted to de- 
termine whether the size of the fruit exerted any influence on the rate of 
respiration, but nothing definitely was ascertained though in some experi- 
ments it seemed that large fruits respired less per gram of material than 
smaller fruits of the same age. Again, during the summer of 1928, this 
problem was taken up and this time the area of the surface was measured. 2 


Ato.COu PCK GM neu/T 
pea hook. 



those to follow the green weight is used. 


2 The area of the surface was obtained by using Simpson's 1/3 rule, where: 

Surface = 4 C x 1/3 S 

S is one fourth of any circumference of the fruit passing through the point of stem in- 
sertion. C is the circumference of the fruit passing through points situated S distance 
from the center of the fruiting stem. The value thus obtained is 4.84 per cent, too 
large and has been corrected by that much reduction. I am indebted for this formula to 
Professor Theodore K. Running of the Mathematics Department of the Engineering 
School at the University of Michigan. 
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Fruits of the same age but having a different 


area 


ratio were used. When 


weight 

the weight of C0 2 produced was plotted against this ratio there was no uni- 
formity and so far I have no evidence which would show that the increased 
surface exposed increases respiration. During the conduction of these ex- 
periments it was, however, discovered that although the fruits may be of 
the same chronological age, yet they may be of very different age physiolog- 
ically. The recognition of this fact complicates the matter of relation between 

wci^i t ra ^° an< ^ ra * e aspiration, because it is next to impossible to get a 

number of fruits of exactly the same physiological age yet having different 
area 

— r-r-ratios. 
weight 

Finding that it would be very difficult to determine the effect of varying 
the ra tio on the rate of respiration this factor was eliminated with 


considerable success by choosing fruits of the same — ratio but of dif- 
ferent physiological ages. 

In the next experiments the chronological age was ignored, and fruits 
of approximately the same size but of different physiological ages were 
chosen. In this group of experiments only maturing fruits were used and 
after some study the physiological age of a fruit could be determined quite 
accurately from its color. 

In fig. 2 are plotted the results of such experiments. The terms used on 
the abscissa are the color changes through which these fruits pass when 
ripening. It is realized that they are not very accurate but they are the best 
available. When 6 or 7 fruits differing only slightly in their physiological 
age, as shown by difference in color, are used in the same experiment, it 
becomes obvious that during the ripening period there is an increase in 
respiration which in turn is followed by a decrease as the fruits ripen still 
more. The increase is not very great in actual value but in terms of per- 
centage it is quite considerable. Thus in experiment C the increase is 95 
per cent., in D 75 per cent., w r hile A and B show about 10 per cent, increase. 
These experiments were conducted in September, 1928. In the October 
number of the Proceedings of the Royal Society of London there appeared 
a paper by F. F. Blackman (2) in which he describes experiments on stored 
apples, where the same phenomenon was noticed. 

It is one thing to determine the physiological age or state of activity in a 
maturing fruit in which there are definite color changes and a very different 
thing to determine it in a green fruit. Age and size mean nothing. The 
way I have attempted to get at this is by measuring the diameters of the 
fruit at short intervals. In this way I have attempted to correlate rate of 
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fruits mature there is an increase in the rate of respiration, which is later followed by 
a decrease. The increase in respiration in experiments A and B was for each one about 
10 per cent., for C 95 per cent, and for P 75 per cent. 

respiration with the position a fruit occupied on the growth curve, but no 
two fruits have exactly the same growth curve and the placement of a fruit 
might be somewhat arbitrary, therefore in the calculations as shown in fig. 3 
I have plotted amount of C0 2 against percentage increase in diameter per 
day of the fruits. Two diameters at right angles to the axis passing through 
the stem of the fruit were measured usually twice a week. From these data 
growth curves were plotted for each fruit and the fruits to be used in an 
experiment were selected with reference to their position on the growth 
curve. 

In his paper on growth of the tomato MacDoitgal (7) points out that 
the rate of increase in diameter is not a correct measure of actual growth, 
but rather that growth varies as the cube of the radius. Some of my data 
have been calculated in terms of percentage increase in the cube of the 
radius, but as the shape of the curve is the same, time has been saved by 
using the percentage increase in diameter in all experiments given in fig. 3. 

When fruits for study were selected in this way curves like those repre- 
sented by fig. 3 were obtained. These curves show a high rate of respiration 
when increase in diameter is large and a minimum when there is no longer 
an increase in size but the fruits are still green. This minimum was fol- 
lowed by an increase which reached its maximum at about the time when 
the fruits were of an orange to red color with the stem end still green. As 
in previous experiments with ripening fruit the actual increase is not very 
large but in terms of percentage it ranges from practically zero to 123 per 
cent. 
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These last experiments then show that when the tomato fruits > are 
actively growing the respiration is high (in some instances as high as 0:75 
mg. of C0 2 per gm. fresh fruit per hour). As growth diminishes there is a 
decrease in respiration which reaches a minimum at about the time the 
fruits stop increasing in diameter, to be followed by an increase, as the 
maturing process progresses, to a maximum at the time the fruits are 
orange to red in color. A second decrease continues until the fruits are 
ripe, when there is very little respiration. 

MaCOk *** GM.r*u*r 
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Fig. 3. Respiration of John Baer tomato fruits at different physiological ages. 


These experiments showed that tomato fruits like leaves and apples have 
a period of minimum respiration which is followed by an increase as the 
fruits mature. Like apples, but as far as we know unlike leaves, this in- 
crease is further followed by a decrease. 

It is to be expected that the young actively growing fruits will have a 
high respiratory rate, because respiration is so very closely connected with 
the life activity of an organism. It is also only to be expected that as the 
fruits become older, and growth slows down, respiration will diminish. It 
is, however, very hard to understand why there should be an increase in 
respiration after growth, i.e ., enlargement, has stopped. Blackman ex- 
plains this in the apple by assuming that as the fruits ripen there is a “low- 
ering of the grade of organization-resistance” or more specifically a lower- 
ing of “hydrolysis resistance,” which means that hydrolysis is facilitated 
during the ripening period. This increases the concentration of substances 
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utilized in respiration, and respiration increases. The subsequent decrease, 
he thinks, is due to starvation. Possibly there is starvation in apples that 
have been stored for several months, but certainly not in ripening tomatoes. 
Both Albahary (1) and Sando (8) have shown that there is an increase in 
sugars during the development of the tomato fruit. 

According to Sando the percentage of total sugar in a ripe tomato is 
nearly twice that of a two-weeks-old fruit. He found that during the last 
two weeks there was an increase from 42.23 to 48.32 per cent, as calculated 
on the basis of dry weight or from 2.375 to 2.667 per cent, on the basis of 
green weight, and the red fruits have a sugar content which is two per cent, 
higher than that of the fruits turning color ; but according to my findings 
the red ripe fruits with the higher sugar content respire less. In tomato 
therefore the final decrease in respiration cannot be due to starvation. 

The decrease in respiration in the mature fruit might rather be attrib- 
uted to complete cessation of all activity. The mature fruit is essentially 
water and carbohydrate. According to my own data ( 3 ) Livingston Globe 
9 weeks old (nearly mature) contained only 4.6 per cent, dry material, 
John Baer 8 weeks old (mature) contained 5 per cent, dry material. Sando 
found 8 weeks old (red) Livingston Globe to contain 5.5 per cent, dry 
material. Of this dry material carbohydrate made up 62.45 per cent., crude 
ash 9.14 per cent, and protein 13.13 per cent. Only 0.725 per cent, of 
the fresh fruit was protein and a great deal of this is in the seeds. In a 
system like this it is not very likely that life processes are very active. The 
whole system is slowly running down. 

To return to the increase in respiration following the minimum point 
reached at about the time the green fruits stop enlarging, if augmentation 
in hydrolysability and the consequent augmentation in material utilizable 
in respiration is a factor in this increase of respiration it would seem that 
respiration should increase continuously from the beginning of the fruit 
development till the end, because, according to Sando, the percentage of 
sugar content is constantly becoming greater, at least after the fruits are 
two weeks old. The percentage of protein is constantly diminishing, so 
respiration cannot be associated with that either. 

In a recent paper ( 4 ) it has been shown that there is an increase in the 
hydrogen ion concentration as the fruits enlarge until a point of maximum 
concentration is reached, after which there is a decrease. In the experi- 
ments referred to, 50 fruits were used for each determination and these were 
average fruits of a given age, so that they varied in physiological age. At 
the time the maximum hydrogen ion concentration was reached in the 
fruits a few were beginning to turn but most were still green. This fact 
corresponds very well with the condition of the fruit at the point of 
minimum respiration. As it is a well established fact that respiration is 
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very greatly influenced by the hydrogen ion concentration (5) it seems to 
me that the explanation for the increase in respiration of the maturing 
tomatoes might be the decrease in the hydrogen ion concentration of the cell 
sap. This is merely a suggestion, but when the hydrogen ion concentration 
curve is compared with the respiration curve, it seems that this must be the 
correct answer. The origin of the acid substances need not concern us. 
They may be the result of the respiration itself, in which case we would 
have a self-regulatory reaction. 

A word may also be said about the use of the physiological age, as con- 
trasted with chronological age. As has been pointed out elsewhere, and 
as every one who has studied tomatoes knows, some fruits do not begin to 
develop at once after the flowers wither, but only after a week or two of 
inactivity. Physiologically these fruits are younger than the ones that 
started to grow at once. Frequently there are fruits in a cluster which, 
for one reason or another, get a slow start and grow very slowly until the 
other fruits are either mature or have been picked. Then they begin to 
grow very rapidly and consequently are much younger physiologically than 
chronologically. In a population of tomato fruits as they exist in a field 
one has to deal with such cases and for that reason age as measured in days 
and weeks is not a fair criterion of the behavior of a fruit. As far as I 
know this distinction has not been made in plant physiology, but it is one 
with which we are all familiar, at least in the human family. Not all people 
act their age. 

Summary 

1. It has been shown that there is a decrease in the production of C0 2 by 
John Baer tomato fruits during growth, until a point of minimum produc- 
tion is reached at about the time increase in size stops ; that this is followed 
by an increase in C0 2 production which reaches its maximum when the 
fruits are orange to red in color and that thereafter there is a final decrease 
in the rate of respiration. 

2. It has been suggested that the increase is due to a lowering of the 
hydrogen ion concentration of the cell sap. 

3. The final decrease in C0 2 production is thought to be due to a slow- 
ing down of all life activities as the tomato approaches a condition of a mix- 
ture of carbohydrate and water. 

4. It has been pointed out that sometimes there is a difference between 
the chronological and physiological age in tomatoes, and that the latter 
should be used when various activities are studied. 

University of Michigan, 

Ann Arbor, Michigan. 
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SOME OBSERVATIONS ON THE MICROCHEMICAL DEMONSTRA- 
TION OF PHLORIDZIN 1 

E. M . H ARVEY 

! 

(with three figures) 

Molisch (2), in his * 4 Mikrochemie der Pflanze” (p. 162) states: 

. . Although the number of known glucosides in plants is exceedingly 
large, yet one is able to demonstrate but a few microehemically. In such 
tests one seeks either to demonstrate the specific glucoside directly, or, after 
hydrolysis, to demonstrate the non-sugar constituent . 9 9 

The writer believes that, in the case of phloridzin, a direct demonstration 
is the more feasible, seeing that phloridzin and phloretin, its non-sugar 
derivative, have precisely the same color reactions. Arbutin, on the other 
hand, may give different color reactions than its derivative hydroquinone. 

Several reagents for demonstrating phloridzin have been suggested. 
Among the best are concentrated sulphuric acid, nitric acid, and ferric 
chloride. The last named is an excellent reagent and, with a little experi- 
ence, offers still the best aid to the investigator. The writer attempted to 
find some other reagent which would be more specific for phloridzin, but 
none distinctly superior to ferric chloride was found among the several 
hundred substances or combinations tried. Some, however, seemed w r orthy 
of consideration, such as uranium acetate (or chloride), mercuric nitrate, 
aluminium nitrate, antimony pentachloride, and sodium tungstate. These 
were tested not only upon phloridzin, but also upon nineteen other gluco- 
sides or glucosidal derivatives and tannins. The color reactions resulting 
were frequently rather distinct and characteristic. For example, with 
ferric chloride , phloridzin gives a clear orange to vinaceous red; tannic acid 
gives a deep blue or blue-black; arbutin, a blue also; salicin is colorless; 
and quercitrin produces a deep green. With uranium acetate, phloridzin 
is orange, while tannic acid and arbutin give with this reagent a vinaceous 
red. With aluminium nitrate, phloridzin gives a lavender-pink to vinace- 
ous red; tannic acid, a clear green; and arbutin is colorless. The employ- 
ment of two or more reagents, with strict attention to the color reactions 
should aid greatly in the identification of certain glucosides. One should 
also take into consideration the dominance of one reaction over another. 
To illustrate, it was found by testing certain solutions with ferric chloride 
that tannic acid dominated phloridzin, and the latter the arbutin reaction. 
If one part phloridzin is present to ten parts arbutin, the blue coloration of 
arbutin will not be evident. One part phloridzin to twenty or thirty parts 

1 Published with the approval of the Director of the Experiment Station. 
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arbutin will still interfere somewhat with the latter reaction. On the other 
hand, one part of tannic acid to three parts phloridzin entirely obscures the 
phloridzin reaction; but with one part tannin to six or seven parts phlo- 
ridzin, a green coloration results. 

The above statements indicate some of the factors which must be con- 
sidered in making microchemical tests for glucosides. 

The writer has made many more or less sporadic microchemical tests 
for phloridzin in various species of Rosaceae. Except for the apple, 
phloridzin could not be positively identified in any of the species examined. 
Nevertheless its presence was strongly indicated in our choke cherry, 
Prunus demissa. Phloridzin has been reported from the sweet cherry and 
prune and other Rosaceae besides the apple, but such observations seem at 
present uncertain. Hermann (1) states: “In the pear, prune and cherry 



Fig. 1. Cross-section of apple shoot on March 16. Cut just below a leaf scar. The 
dots show the presence and relative amounts of phloridzin. Cross 
hatching indicates xylem and bast. 
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the phloridzin reaction does not occur, on account of the interference by 
tannic acid.” But Tunmann (see 1) comments on this interpretation: 
“Perhaps there is no phloridzin present.” 

In the apple the demonstration of phloridzin is a simple matter. Either 
ferric chloride or uranium acetate will serve as a reagent. A stock solu- 
tion of ferric chloride (50 per cent.) will keep indefinitely. This is di- 
luted to five, two, or even one per cent, for immediate use. These solu- 
tions may be used for direct examination of specific tissues by flooding cross 
or longitudinal sections on a slide, using a binocular microscope with strong 
illumination from above. Or, since the reaction is a “diffused” one, that 



Fig. 2. Section through a bursting terminal fruit bud of the apple. The dots show the 
presence and relative amounts of phloridzin. 
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is to say one in which a vinaceous red cloud soon appears out from the 
margins of the sections, the fact may be taken advantage of in comparing 
different tissues. Representative pieces of outer or inner cortex or phloem, 
for instance, can be dissected out and tested separately, observing, on 
crushing in the reagent, the relative density and breadth of the diffusion 
clouds of phloridzin. As to the localization of phloridzin in apple tissue, 
Hermann (1) reports the following: 1 ‘ Phloridzin is localized in the outer 
cortex, a little in the phloem region, and none in the cambium, bast or 
wood.” Fig. 1 shows that this statement agrees fairly well with the findings 
of the ^writer. However, the following modification is suggested. Phlo- 



Fig. 3. Partial section through a bursting terminal vegetative bud showing the growing 
point. The dots indicate the presence and relative amounts of phloridzin. 
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ridzin is most abundant in the phloem, particularly the phloem of leaf 
traces, abundant in the outer cortex, or inner periderm, but rather scarce 
in the inner cortex, except at the nodes around the leaf traces, and if it does 
not occur in the cambium, it occurs very near it. Tannins cause the color 
reaction to be greenish in the outer cortex. In the bark of spurs and older 
branches, there is usually sufficient accumulation of tannins in the outer 
phloem rings to make the reaction unsatisfactory. Older roots, while con- 
taining large quantities of phloridzin, seldom give clear reactions on account 
of tannin. 

At the beginning of growth activity in the spring, when buds are swell- 
ing or bursting, the bases of axillary and terminal buds are gorged with 
phloridzin. Then the inner bud scales, the peduncles, and receptacles of 
the embryonic flowers are also gorged with it (see fig. 2). A quantitative 
determination of phloridzin in stylar tissue showed, on a dry weight basis, 
15.20 per cent. At the same time the new growth of the spur contained 
but 8.42 per cent, phloridzin and the spur bark of the previous year, 5.98 
per cent. Large quantities were observed microchemically in the growing 
points of bursting buds (see fig. 3). 

The conclusion seems justified that phloridzin is localized and abundant 
in, or in close proximity to, the most active tissue. 

Agricultural Experiment Station, 

Corvallis, Oregon. 
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THE EFFECT OF pH VALUE AND HYDROGEN PEROXIDE CON- 
CENTRATION ON FRUIT OXIDASE ACTIVITY 

W. V. Cruess and W. Y. Fong 

In connection with our studies on the darkening of fruit tissue, investi- 
gations have been made on the effect of hydrogen ion concentration and hy- 
drogen peroxide concentration on the behavior of the oxidase system of the 
apricot. Some of the observations that appear to be of general interest 
are presented in this paper. 

Effect of pH value on the action of the oxidase on various indicators 

Several investigators have proved that hydrogen ion concentration 
markedly affects the activity of various oxidases. 1 Among these may be 
mentioned Ucko and Bansi (7) who found that the pH optimum for the 
peroxidase of horse radish varied with the nature of the oxidase indicator, 
being pH 7 for pyrogallol and 5.2 for guaiacol; Clark and Zoller (2) who 
selected a number of oxidation and reduction indicators for oxidizing 
enzymes; Raper (6) who found that the maximum effect of tyrosinase or 
tyrosin occurs at pH 6-8 and that there is no action below pH 5 or above 10 ; 
and Overiiolser and Cruess (5) who found that the activity of apple 
oxidase on benzidine was affected markedly by the pH value of the medium. 
Overholser (4) finds that pear catalase is most active in the neighborhood 
of pH 7.0. 

Our measurements on the effect of the pH value of the medium on apri- 
cot oxidase were made both upon the natural apricot juice and on the 
enzyme purified by precipitation with alcohol and reprecipitation by acetone 
from water solution. Incidentally, acetone was found to be an excellent 
precipitant for fruit oxidase as the precipitate was granular and easily 
washed and filtered. 

Portions of apricot juice were brought to various pH values ranging 
from pH 2.0 to 11.1 and a number of different oxidase indicators were 
added, together with a small measured amount of 0.3 per cent. H 2 0 2 solu- 
tion. The peroxidase was found in most cases to be capable of oxidizing 
a-naphthol at pH 2.8 but not at 2.6 ; ortho-amino-phenol, para-amino-phenol, 
hydroquinon, pyrogallol, para-phenylene-diamin hydrochloride and benzi- 
dine at pH 2.6 but not at 2.4 ; para cresol at pH 2.9 but not at 2.6 ; guaiacol 
at pH 3.0 but not at pH 2.8; tincture of guaiac at 3.3 but not at 3.2. 
Tyrosin was not oxidized at any pH value under the conditions of the tests, 
i.e. on addition of a dilute solution of the indicator to the buffered sample 

i We have followed the usual practice of considering a plant oxidase to consist of 
an organic peroxide and a peroxidase. 
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of juice. The optimum pH value varied with the different indicators. 
Allowing for atmospheric oxidation at high pH values, the optimum pH 
value for the oxidation of pyrogallol appeared to be at about 7 ; hydroquinon 
about 8-8.5; para*cresol and the ortho-and para-amino-phenols about 5.5-6; 
para-phenylene-diamin-hydrochloride at about pH 5 and guaiacol about 5.0 
to 5.5. The necessary color comparisons were made with a Klett colori- 
meter. Because of the rapid fading of the oxidized color of tincture of 
guaiac it was difficult to establish its optimum pH, although it apparently 
colored by oxidation most rapidly at pH 5.0 to 8.0. 

On the alkaline side of neutrality the darkening of the various indicators 
was inhibited at different pH values. Guaiacol failed to oxidize at pH 9.5, 
benzidine at 9.8, a-naphthol at about 10.0 and tincture of guaiac at 9.8; 
para-cresol and para-phenylene-diamin-hydrochloride between 9.2 and 11.5. 
The other indicators showed marked atmospheric oxidation at pH values 
above 7.8 and it was therefore difficult to establish their upper pH limits 
although above pH 9.2 the intensity of combined atmospheric and oxidasic 
oxidation rapidly decreased with increase of pH value. 

It was apparent that the choice of indicator affected the pH maximum, 
minimum and optimum for apricot oxidase. Similar results were obtained 
with the peroxidase of peaches and pears. In general, oxidase action on 
all of the indicators was much less at low pH values than at those near 
neutrality, and decreased with decrease in pH value to a vanishing point 
between pH 2 and pH 3 for most of the indicators tested. 

Effect of H 2 0 2 concentration 

Bernheim and Dixon (1) and Willstatter (8) as well as others have 
reported that peroxidase activity is affected by the concentration of added 
H 2 0 2 . We found that the peroxidase of the apricot is similarly affected 
although the optimum and the maximum values varied somewhat with the 
indicator. By addition of the H 2 0 2 and indicator to juice from cold stored 
apricots and peaches (very low in catalase activity) the optimum range for 
hydroquinon was found to be from 15-25 mg. per 100 cc. ; for a-naphthol 
5-10 mg. ; pyrogallol, 5-10 mg. ; and for guaiacol, ortho-amino-phenol and 
para-cresol approximately 10 mg. per 100 cc. At 480 mg. of H 2 0 2 per 100 
cc., the peroxidase reactions with a-naphthol and hydroquinon were nega- 
tive and at 360 mg. were negative for pyrogallol. The optimum is naturally 
affected by the relative activity of the catalase which tends to rapidly de- 
stroy the H 2 0 2 in juices rich in catalase. The catalase activity is affected 
by the pH value of the medium [see Overholser ( 4 )]. The pH value of 
the apricot juice was approximately 4.0 ; that of the peach juice slightly less, 
than 4. 
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Inactivation pH values for peroxidase 

Apricot juice was brought by addition of tartaric acid, or sodium hy- 
droxide and sodium bicarbonate to pH values ranging from 1.75 to 13.0. 
At intervals small portions of each sample were brought to approximately 
pH 7.0 and were tested with several peroxidase indicators. On the acid 
side of neutrality the peroxidase was apparently destroyed in 3 hours or less 
between pH 2.0 and 2.1, and on the alkaline side at about pH 12.8. At 18 
hours the peroxidase was destroyed at about pH 12.1 and at 48 hours at 
about 11.7. The organic peroxide was at least temporarily utilized or in- 
activated at pH 8.5. 

As previously reported (3) the temperature also affects the pH value 
necessary for inactivation ; or rather conversely, the temperature necessary 
for inactivation varies with the pH value ; the oxidase being most resistant 
to high temperatures near neutrality. Our earlier results were confirmed 
by quantitative colorimetric measurements using several oxidase indicators; 
the effect of heat at various pH values was found to be progressive rather 
than abrupt. These determinations were made both with the natural juice 
and with the peroxidase prepared by precipitation with ethyl alcohol and 
reprecipitation with acetone. 

Summary 

1. The optimum, minimum and maximum pH values for various oxidase 
indicators in contact with apricot oxidase vary with the indicator; but in 
general the optimum for most of the indicators used in these studies lies 
near neutrality. 

2. The hydrogen peroxide concentration is not a matter of indifference, 
but greatly affects the intensity of the oxidase reaction with various indica- 
tors, the optimum range of H 2 0 2 concentration in apricot juice low in 
catalase being from 5 to 25 mg. of H 2 0 2 per 100 cc. 

3. The peroxidase was inactivated at about pH 2.0 and at about 12.8 
in less than 3 hours and on subsequent adjustment to neutrality failed to 
respond positively with the usual peroxidase indicators. The organic per- 
oxide was considerably less resistant than the peroxidase to high pH values. 

4. In general, in any comparative studies on the activity of fruit oxidase 
the pH value of the medium and the H 2 0 2 concentration must be carefully 
controlled and the proper indicator chosen. 

Fruit Products Laboratory, 

University or California. 
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TESTING THE SUGAR CONTENT OP BEETS FOR GENETICAL 

PURPOSES 


Ernest Heed 

Introduction 

Since sugar beets are raised solely for sugar the one characteristic of 
prime importance is the sugar content. It has been shown ( 6 ) that some 
of the difficulties involved in the breeding of beets are matters of flower 
development and fertilization. Pritchard (5) claimed that there is no 
correlation between morphological characters and sugar content and further 
that sugar content of the beet is not inherited. Such studies are dependent 
upon exact control of pollination and a correct determination of sugar con- 
tent in the beet. The purpose of this paper is to point out a source of error 
in the methods 1 now used in sugar beet testing and to present a method in 
which this particular error will not be possible. 

There are various methods in use for sampling individual beets for sugar 
determinations (1, 2, 3, 4, 7, 8, 9). The simpler of these methods is to grind 
the beet pulp and extract the juice. Another method involves boring a hole 
through the beet and catching the pulp and juice as they ooze out. The 
underlying principle of these methods is to break the cells of the beet tissue. 
Lead sub-acetate is then added to the normal weight of the pulp and the 
sugar diffuses throughout the liquid because of the cells having been broken. 
Ten or more minutes are allowed for cold water digestion. 

Theoretically, polarization of the filtrate from these preparations should 
give a relatively accurate reading of the percentage of sugar content in the 
beet. Actually, however, mechanical devices which it is necessary to use 
either in grinding or boring the beet cannot be relied upon to break all 
of the cells. Since hundreds, and often thousands, of beets are tested in this 
way the test for the group may vary in proportion to the efficiency of the 
grinding machine or the boring rasp which may be used in securing the 
pulp. The rasp may be in perfect cutting condition for the first beet but 
it naturally becomes duller as subsequent borings are made so that a varia- 
tion in sugar content which is due to the method will make the data value- 
less. 

Experimental 

In connection w r ith the work reported in this paper, six samples of pulp 
were secured from the same beet with a newly sharpened rasp made 
specifically for this purpose. Cold water digestion for thirty minutes was 

i This work is concerned only with simple and rapid methods which may be used 
in the testing of several hundred beets a day by one or two persons. 
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allowed before filtration and the six samples were treated alike and polar- 
ized at the same time with the same polariscope. The six samples tested 
as follows : 

1st 6.2 per cent. 

2nd 6.7 “ 44 

3rd 6.2 44 44 

4th 6.7 44 44 

5th 7.5 4 4 44 

6th 8.7 44 44 

We have here a range of from 6.2 per cent, to 8.7 per cent, in six tests 
from one beet, a variation of 2.5 per cent, sugar content or a possible error 
of 24.8 per cent, in the calculation. Some of the remaining pulp from these 
samples was examined with the microscope and it was found that quite a 
few of the cells were not broken. Similar tests were made from many other 
beets and a wide range of sugar content was secured for every beet thus 
sampled several times. 

The essential thing in the cold water or w r arm w r ater digestion methods 
is that every cell should be so broken dowm that the sugar from within 
may freely diffuse and so be represented in the filtrate which is polarized. 
The mechanical devices wiiieh are used in testing large numbers of beets 
which are necessary in beet breeding studies must of necessity introduce a 
large error, so large in fact that the data become useless for gcnetical 
analysis. 

Tw r elve more samples were secured from the same beet mentioned above. 
Six of these samples w T ere secured by the boring rasp and six others w r ere 
secured as chunks cut out w r ith a knife. The necessary lead sub-acetate 
water was added to each sample and all were placed in an autoclave. Here 
they were exposed to 15 pounds pressure for 15 minutes and then allowed 
to cool to room temperature. The filtrates from these samples were polar- 
ized and each gave the same reading, a 10 per cent, sugar content value. 

In this study is involved ground pulp in six of the samples, and chunks 
of beet tissue in the other six. There are probably large numbers of un- 
broken cells in the pulp and the cells of the chunks are not broken except 
along the outside surfaces. The autoclave treatment breaks dow r n the 
otherwise sugar impermeableness of the cells and so makes possible free dif- 
fusion of the sugar from all of the cells. If this is true the tests of each 
sample should be the same as that of any other sample and we see that this 
is the case. 

But we also find that each sample that has gone through the autoclave 
gives a sugar percentage reading w r hich is higher than the highest test from 
those samples which were not put through the autoclave. There is a dif- 
ference of 1.3 per cent, between the autoclave sugar reading and the highest 
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non-autoclave sugar reading and the greatest difference between the auto- 
clave and the non-autoclave samples is 3.8 per cent. 

Subsequent studies, on many other beets, were made similar to the 
above, with the same fundamental differences occurring between the two 
methods, and also with all of the samples from any one beet testing the 
same when put through the autoclave, whether as pulp or as chunks. 

The question which naturally arises is this. Does not the autoclave 
method so affect the carbohydrate contents of the beet sample as to make 
available more material which might be recorded on the polariscope along 
with and in addition to the sucrose ? 

A known amount of sugar (cube sugar) was added to certain samples 
and some of these were subjected only to the cold water digestion and 
others to the autoclave. There resulted no difference, which indicated that 
the autoclave did not affect the ordinary sugar which was added to the lead 
sub-acetate. This, however, did not provide against possible changes which 
might occur on carbohydrates in the beet tissue. 

Finally the following method w r as used and seems to serve as a convinc- 
ing check on the autoclave method. 

Thirty samples were taken from the one beet and the correct amount of 
lead water added to each. Fifteen of these samples were put through the 
autoclave and the resulting sugar test was 15.8 per cent, in each case. The 
other fifteen samples were frozen at -80° C. by the use of solid carbon 
dioxide. Here again, the test in each case was 15.8 per cent. 

It is to be expected that the freezing method would slow down chemical 
reaction in the beet tissue to a minimum. The only changes occurring in 
the beet tissues thus frozen would be physical changes, such as might 
destroy the sugar impermeableness of the cells. The freezing method was 
repeated with twenty other beets and in each case an equal number of tests 
was made from each beet with the non-autoclave method and the autoclave 
method. The results were always the same, namely, the non-autoclave 
method gave a lower test than the other two methods. The autoclave and 
freezing tests checked and further the tests secured by the non-autoclave 
method for any one beet did not agree with each other, whereas the auto- 
clave and the freezing method tests for any one beet were always the same. 

Discussion 

It has been pointed out by Pritchard (5) and others, that the data 
which have been secured from extensive studies in sugar beet breeding 
show no apparent correlation between any of the characteristics of the beet 
and the sugar content. There is a large amount of data at hand which in- 
dicates that sugar content is not a heritable characteristic. These inter- 
pretations of the data are not only justified but seem to be the only con- 
clusions that it is possible to draw from the data. 
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There are two possible sources of error; that involved in fertilization, 
Reed (6), and that error which is due to the methods of pulp extraction for 
sugar testing, as explained in this paper. 

When beets are tested for sugar content it is assumed, and rightly so, 
that when the cells of the beet are broken in water the sucrose will diffuse 
throughout the water. This water may then be polarized and the sugar 
percentage thus determined. Lead sub-acetate is used with the water as a 
clarifying agent. 

It becomes apparent that the accuracy of the sugar test depends pri- 
marily upon the efficiency of the instrument which is to break down the 
cells. Any cells which are not broken will not only retain their sugar but 
will also take up water. There have been devised various rasps for boring 
through the beet. These rasps are so provided with cutting teeth that they 
are expected to cut every cell of the beet pulp. This pulp is not further 
treated in order to insure against any of the cells not being broken but it is 
weighed out and subjected to cold water digestion. Any unbroken cells are 
not detected and the extent to which unbroken cells may occur in this pulp 
will be registered in the percentage reading as an error. 

This possibility of error was demonstrated to be very great by the 
microscopical examination of pulp which was secured by the use of the 
rasp. The occurrence of this error was definitely demonstrated by the 
differences between the tests which were made on several samples from the 
same beet. 

With this source of error in mind, the accumulated data, which have 
been used to draw the conclusions that sugar content is not inherited, and 
that there is no correlation between phenotypic characteristics and sugar 
content, become useless and the conclusions are of no value. Knowing the 
extent of error which is likely to be involved in such work, it is to be ex- 
pected that sugar percentages secured by the use of these methods shall 
vary greatly and be of no use for genetical analyses. 

By use of the autoclave, as described in this paper, one may secure 
accurate sugar percentage readings of individual beets. The method is 
simple, the operations are more easily and more quickly performed, as it is 
neither necessary to grind the beet tissue nor to bore it. The theory under- 
lying this method is the same as that of the other methods but in this case 
the sugar permeableness of the cells is guaranteed by the effectiveness of 
the autoclave treatment. 

The accuracy of the autoclave method is demonstrated by the fact that 
the several samples taken from the same beet test the same when this 
method is used, and by the fact that the tests which are secured by use of 
the autoclave method check with those of the freezing method. The data 
presented earlier in this paper show that the total sugar is not recorded 
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in any sample secured by use of the rasp, whereas it is apparent that the 
autoclave method insures a test of all of the sugar of the sample. This 
statement is substantiated by the fact that the tests by the use of the auto- 
clave method agree with those of the freezing method. 

By using solid carbon dioxide to freeze the tissue, we have a reliable 
check on the autoclave method. Some such check is necessary because our 
knowledge of the changes which may take place in beet tissue in the auto- 
clave is not sufficient. 

Summary 

The following method is recommended for determining the sugar con- 
tent of individual beets where such is desired for genetical study, where 
accuracy is essential. 

The normal weight (26.048 grams) of the beet pulp is put into a lead sub- 
acetate solution (thirty baume) 177 cc. This is autoclaved at 15 pounds 
for 15 minutes and allowed to cool to room temperature. The solution is 
then filtered and the filtrate polarized. 

Department op Botany, 

Syracuse University. 
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EFFECT OF ACID AND ALKALINE HYDROLYSIS ON THE 
ESTIMATION OF HEMICELLULOSE AND ASSO- 
CIATED GROUPS IN YOUNG APPLE WOOD 

Fisk G erh a rdt 

The greater portion of the food reserve and structural network in plants 
is composed of carbohydrate material. In the vegetative tissue and seed 
of many plants, there exists a group of hexosan-pentosan polysaccharides 
to which Schulze has given the name of 4 i hemieelluloses. ’ ’ These hemi- 
celluloses are easily hydrolyzed by dilute acids into simple hexose and 
pentose sugars or may be isolated from the tissue in the colloidal form by 
means of weak caustic solutions. The characterization of this group of 
substances is even less specific than our present definition of cellulose. This 
apparent indefiniteness of classification is due partially to the fact that 
neither of the above methods of isolation effects a sharp separation of 
cellulose from lignin and the associated hemicellulose groupings. 

As a means of orientation in the general problem of investigating the 
distribution and function of these polyhexose-pentose structures in the 
metabolism of the plant, it became of interest to study the two usual methods 
of their determination, and further to note the effect of such procedures 
upon the tissue components associated with them. An attempt was also 
made to identify the sugars present in the hemicellulose fraction. 

No effort will be made here to review the voluminous literature pertain- 
ing to the distribution of these anhydride sugars in plants. The earlier 
work of Schulze (27, 28) has been enlarged through the efforts of 
O’Dwyer (22, 23, 24), Candlin and Schryver (3), Norris and Schryver 
(21), and Ling and Nanji (15) in a series of papers dealing with the isola- 
tion, properties and constitution of the hemieelluloses. Karrer (13) found 
a reserve cellulose (lichenin) present in lichens which yielded only glucose 
upon hydrolysis. O’Dwyer (23) and Ehrlich (7) have shown that hemi- 
celluloses are not true carbohydrates (pentosans, hexosans), but also contain 
acid groups of the glucuronic type and are more nearly like the pectins than 
like true cellulose. Von Fellenberg (33) Ehrlich (7) and Candlin (3) 
suggest the possibility that hemieelluloses may prove to be the intermediate 
stage between pectin and lignin because of the fact that unlignified tissues 
have a larger proportion of pectins than hemicellulose, while in the lignified 
material the opposite is true. The transition of pectin into hemicellulose 
is presumed to occur through a process of decarboxylation (24). 

In the resolution of the hemieelluloses during acid or alkaline hydrolysis 
certain changes are produced in the residual tissues. These changes may 
alter the composition of the hemicellulose fraction. Norris and Schryver 
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(21) have shown that the method of pectin removal influences the composi- 
tion of hemicellulose, while Tottingham and Gerhardt (32) and O'Dwyer 
(23) found that the kind, strength, and duration of hydrolysis also exerts 
a specific effect. According to Sherrard (30) weak acid hydrolysis destroys 
over 30 per cent, of the cellulose, 83 per cent, of the pentosans, and over 16 
per cent, of the methoxy-groups in wood. Peterson and Hixon (25) have 
shown that the alkaline extraction of the hemicellulose in the cornstalk also 
removes large amounts of lignin. Hawley and Campbell (11) state that 
partial hydrolysis effects definite changes in wood similar to those produced 
by certain white and brown-rot fungi (10). These changes involve a 
destruction of the pentosan and cellulose fractions, and increase the alkali 
solubility (lignin) of the wood. 

Material and methods 

One year old apple wood was used as the experimental material. This 
was collected as one large sample (one kilo dry matter) on April 10, 1928. 
After removal to the laboratory the tissues were cut into small pieces and 
desiccated under reduced pressure at 70° O. The material w r as then ground 
to pass a 60 mesh sieve. The air-dried wood contained 4.75 per cent, 
moisture and 3.47 per cent, ether soluble material. 

Lignin and cellulose were determined by treatment of the tissue w T ith 
4 per cent. NaOII at 180 pounds pressure for one hour according to the 
method of Meiita (16). 

Methoxy-groups were identified by the Zeisel method as modified by 
Dore (6). 

Pentosan determinations were made by distillation with 12 per cent. 
IIC1 according to the Official Methods (1). 

“ Drome” acids were determined by precipitation of the liberated carbon 
dioxide with Ba(OH) 2 as specified by Nanji, Patten and Ling (19). 

Pectins were removed by extraction of the tissue with 0.50 per cent. 
(NH 4 ) 2 C 2 0 4 according to Clayson, Norris and Schryver (4). 

Dilute acid hydrolysis was accomplished by boiling the residual tissue 
after pectin removal with 2.50 per cent. 1I 2 S0 4 (by weight) for 2 hours. 

Dilute alkaline extraction of the hemicellulose fraction from the tissue 
after pectin removal was accomplished by treatment with 4 per cent. NaOH 
at room temperature for 24 hours (23). 

The hot water extract represents that fraction of the tissue removed by 
boiling during the enzymatic digestion of the starch. 

Experimental 

Composition of the tissue as affected by preliminary treatment 

Dore (5) has shown that partial hydrolysis affects the more residual 
components of the plant cell, especially the methoxy-content of the lignin 
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and the furfural yielding constituents of the cellulose. In the following 
procedure, young apple wood was subjected to certain extractive and hydro- 
lytic treatments. Analyses were made of the untreated and the residual 
tissues, and a comparison of these data gives an indication of the specific 
effect of each procedure. 

The percentage of tissue removed during the different specific treatments 
was determined as follows : four aliquot samples were freed from hot water- 
soluble constituents including starch, and dried to a constant weight. Two 
samples were then used for analysis of the tissue, while the remaining two 
were further extracted with ammonium oxalate for removal of pectin, and 
after desiccation to constant weight, were again subjected to analysis. The 
acid and alkaline treatments for hemicellulose removal were confined 
to samples which had previously been freed from water-soluble, starch, and 
pectic materials. The percentage of tissue accounted for represents the 
summation of the hot-water extract, ammonium oxalate extract, loss on 
dilute acid hydrolysis, pentosan-free cellulose, pentosan in cellulose, pento- 
san destroyed during the cellulose determination, lignin and ether extract. 
These data are assembled in table I. 

The data in table I indicate that preliminary treatment produces a 
marked change in the approximate analysis of the wood, hot water alone 
removing 6 per cent, of the pentosan and sugar acids of the glucuronic type. 
Removal of the pectic constituents with (NHJ 2 C 2 0 4 produces little change 
in cellulose, lignin, or methoxy-content. However, about one half of the 
total “uronic” acids and 20 per cent, of the total pentosans in normal apple 
wood are associated with pectic compounds, the structural formula of pectin 
as suggested by Nanji (19) presupposing the presence of galactose, pen- 
toses and sugar acids. 

Decided differences in composition of the residual tissue are produced 
by hemicellulose removal by either acid or alkaline hydrolysis. Both meth- 
ods remove approximately the same amount of total material but their spe- 
cific effect upon the residual tissues is quite different. Acid treatment 
reduces the yield of cellulose by almost 30 per cent, and reduces the residual 
pentosan therein by over three-fourths. Its action upon lignin is largely 
confined to a hydrolysis of its methoxy-groups, since the loss in methoxy 
and total lignin approach a common value. Approximately one-half of the 
total pentosans in the tissue is removed, while the “uronic” acids are 
affected but little. The latter fact is an indication that about one-half of 
the C0 2 liberated and calculated as 4 * uronic' ’ acids has its origin in the 
pectic constituents, while the greater portion of the remainder is found, not 
in the hemicellulose fraction, but rather associated with the more residual 
skeletal components. The loss in cellulose due to acid treatment is largely 



TABLE I 

Percentage composition op 1 tear old apple wood beporb and after various specific treatments (moisture-free basis) 
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accounted for by an increase in the beta and gamma forms ( 16 ) in the 
liquors from the cellulose determination. It is interesting to note that even 
such a drastic acid preliminary treatment does not remove completely the 
residual pentosan complex from the cellulose. The furfural value derived 
from the cellulose is due to pentosans and not to oxycelluloses because no 
characteristic color reactions or decarboxylation of the cellulose, indicating 
the presence of such groups, could be obtained. 

Resolution of the hemicellulose by alkali produces no great destructive 
action on the cellulose residue. However, at room temperatures it removes 
almost one-half of the total lignin of the wood. In this case the methoxy 
content is not destroyed in proportion to the total lignin. The lignin must 
be removed either as a straight solubility product or by hydrolysis and re- 
moval as the soluble sodium salt of lignic acid. Weak alkali removes 
approximately 3 per cent, less tissue than does acid hydrolysis. The per- 
centage recovery of total tissue is also lower in the alkaline extracted wood. 

Carbohydrate recovery in the acid and alkaline hydrolyzates 

During the usual carbohydrate analysis of plant tissue, the hemicellulose 
fraction is estimated by a direct weak acid hydrolysis. Since acid and 
alkali remove almost like amounts of total tissue, it became of interest to 
determine whether the reducing sugar values and furfural yields also bore 
a similar relationship. 

Two 25-gm. samples of apple wood were freed from starch and water- 
soluble materials. Pectin was removed by 0.50 per cent. (NH 4 ) 2 C 2 0 4 . One 
such residue was refluxed on an electric hot plate with 2.50 per cent. H 2 S0 4 
for a period of 2 hours. The other residue was extracted with 4 per cent. 
NaOH at room temperature in a shaking machine. The filtered alkaline 
extract was neutralized and brought to an acid concentration of 2.5 per cent. 
H 2 S0 4 and refluxed for 2 hours. The clarified hydrolyzates from both pro- 

TABLE II 

Carbohydrate recovery in the hemicellulose or young apple wood 


Treatment 

APPLIED TO 
TISSUE 

Reducing 

POWER IN 
EQUIVALENTS 

OF GLUCOSE 

Pentosan 

“Uronic" | 

ACIDS 

Total tissue 

REMOVED 

Acid hydrolysis 

per cent . 

10.61 

per cent . 

10.76 

per cent . 

0.21 

per cent . 
21.00 

Alkaline extrac- 





tion | 

7.20 

i 

8.40 

i 

0.19 

18.60 
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cedures were brought to volume and their composition based upon the origi- 
nal moisture-free wood is shown in table II. 

Although dilute acid removes 21 per cent, of the original tissue, only 
approximately one half of this amount can be recovered in the form of 
sugar as shown in table II. The similarity of reducing sugar and pentosan 
values indicates that the hemicellulose fraction of young apple wood is 
polypentose in nature. Tottingham ( 31 ) has reported the presence of 
polyhexosans in the base wood of the apple. His technique, however, did 
not include the removal of the pectic constituents prior to acid hydrolysis. 
The amount of “uronic acids” in the products of hydrolysis is exceedingly 
small, over one half of the total amount present in the wood having been 
removed with the pectic material in the ammonium oxalate extract. 

The reducing power and pentosan value of the alkaline hemicellulose 
extract are considerably lower than in the acid hydrolyzate. Either the 4 
per cent. NaOH destroys some of the carbohydrate material, or its action 
upon the tissue is less drastic. When the tissue residue from the 4 per 
cent. NaOH extraction was further treated with boiling 2.5 per cent. H 2 S0 4 
for 2 hours, the hydrolyzate contained an additional reducing power of 
4.60 per cent, and a pentosan value of 4.10 per cent. The carbohydrates 
from this second hydrolysis are also derivatives of polypentose material 
and imply a similar origin in the tissue. These results indicate that alkaline 
extraction liberates less of the hemicellulose fraction from the tissue than 
does direct acid hydrolysis. Winterstein ( 34 ) however, has stated that 
5 per cent, alkali probably modifies the residual cellulose so that it will 
again respond to subsequent dilute acid hydrolysis. 

Isolation and analysis of the hemicellulose from 

YOUNG APPLE WOOD 

After removing the starch with a saliva digestion, 200 gm. of the tissue 
were extracted with 1 liter of 0.5 per cent. (NH 4 ) 2 C 2 0 4 at 85° C. for 24 
hours to insure complete removal of pectic materials. Proteins, coloring 
matter, etc., were removed with 1 per cent. NH 4 0H. The residue from the 
NH 4 OH extract was further treated with 1 liter of 4 per cent. NaOH at 
room temperature for 24 hours. The filtered alkaline extract was neutral- 
ized with acetic acid and the hemicellulose precipitated by the addition of 
an equal volume of 95 per cent, alcohol. After washing thoroughly with 
60 per cent, alcohol, the precipitate was again brought into solution in 1 
per cent. NaOH, reprecipitated with acetic acid and alcohol. It was 
washed with gradient strengths of alcohol and ether and finally dried over 
night at 100° C. A yield of 17.2 gm. (8.60 per cent.) of a light gray 
amorphous material was obtained. It had the following composition : 
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Per cent. 

Moisture 

5.78 

Reducing sugar 

69.00 

Lignin 

14.28 

Ash 

5.19 

Total 

94.25 


The furfural yield of this substance in equivalents of pentosan, amounted 
to 68.5 per cent. The product was laevorotatory [a] 25 D = -*104° in 1 per 
cent. NaOH. The reducing power and pentosan value again indicate its 
polypentose nature. 

Hydrolysis and identification of the sugars in the 

HEMICELLULOSE FRACTION 

Three 2-gm. samples of the purified hemicellulose were hydrolyzed with 
2.5 per cent. H 2 S0 4 for a period of 3 hours. In each case after hydrolysis 
there remained an insoluble residue which amounted to 5.60 per cent, of the 
original sample. The three liydrolyzates were digested with Ba(OH) 2 , 
clarified with neutral Pb(C 2 H 3 0 2 ) 2 and concentrated under reduced pres- 
sure to a volume of 25 cc. and a concentration of 7.20 per cent. The three 
hydrolyzates, using a 200-mm. tube, gave an average reading of + 13° on 
the Ventzke sugar scale, or a specific rotation [a] 25 D — + 31.3°. Aliquot 
portions had a reducing power in equivalents of glucose of 69.00 per cent. 

In view of the fact that the reducing sugar and pentosan values are of 
approximately the same magnitude, it appears probable that pentose sugars 
alone are present. This situation is further substantiated by the failure to 
identify the presence of galactose through oxidation to mucic acid ( 14 ) or 
of mannose by its insoluble phenylhydrazone (8), or of ketohexoses by the 
diphenylamine ( 12 ) Pinoff ( 26 ) or Seliwanoff ( 29 ) test for fructose, or 
of glucose through oxidation to saccharic acid ( 9 ). These results are strong 
evidence that hexosans are not present in this material in significant 
amounts. 

Five grams of the purified amorphous grey hemicellulose substance were 
again hydrolyzed, de-sulphated and clarified as previously described. The 
filtrate was concentrated under partial vacuo and purified according to the 
method of Morrow ( 17 ). tinder no circumstances, however, was it pos- 
sible to effect crystallization of the sugars either from alcohol or glacial 
acetic acid. An aliquot portion of the syrup was treated with 1 gm. of 
phenylhydrazine hydrochloride and 1.5 gm. of sodium acetate in a test-tube 
in a boiling water bath according to Mulliken ( 18 ). An osazone in the 
form of an orange-yellow mass appeared after 8-10 minutes 1 heating. The 
surface of the solution also contained oily drops. Microscopical observa- 
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tion and melting-point determinations identified the reerystallized product 
as the osazone of xylose. This sugar was further identified by oxidation 
with bromine and the formation of the characteristic crystals of the double 
cadmium salt of xylose. As oily drops in the osazone reactions are an indi- 
cation of arabinose, an attempt was made to obtain its diphenylhydrazone 
by treating another aliquot of the syrup with an excess of diphenylhydra- 
zine according to Neuberg (20). After cooling the solution, a white crystal- 
line hydrazone appeared. It melted at 207° C. and must represent the 
hydrazone of arabinose. 

Taking Morrow’s (17) value for the specific rotatory power of d-xylose, 
namely [a] 25 d = + 19° and that of 1-arabinose as [a] 2ti d = + 104, a mixture of 
7 mols. of xylose with 1 mol. of arabinose would have a specific rotation 
| a ] 25 d = + 29.6° a number in fair agreement with the mean observed value of 
[a] 20 D = + 31.3° for the sugar mixture in the hemicellulose fraction. Further- 
more, 8 mols. of such a mixture having an empirical formula of C 5 H 10 O~, 
should contain 7 mols. of d-xylose or 87.5 per cent., and 1 mol. of 1-arabinose 
or 12.5 per cent. According to Brown (2) the percentage of sugars in a 
mixture may be calculated by combining the polariscopic and reducing 
sugar values in a simultaneous equation. Calculated by this method, the 
sugars in the hemicellulose fraction were found to be composed of 88.4 per 
cent, d-xylose and 12.7 per cent. 1-arabinose, — figures in close agreement 
with the theoretical value. An attempt was made to quantitatively deter- 
mine the arabinose present in the syrup according to Neitberg (20). 10 cc. 

of the syrup corresponding to 0.720 gm. of the original hemicellulose or 
0.497 gm. of sugar therein, when treated with a slight excess of diphenyl- 
hydrazone, yielded 0.144 gm. of arabinose diphenylhydrazone or 0.068 gm. 
arabinose which is equal to 13.70 per cent, of the total sugar present. 
Although both the observed and calculated values do not agree exactly with 
theory, they serve to indicate the molal ratio in which the two sugars are 
probably present. 

Summary 

A study has been made of the action of several extractive and hydro- 
lytic procedures upon young apple wood during the isolation of the hemi- 
cellulose fraction. Hot water and salivary digestion removed 23 per cent 
of the tissue. Its action upon the residual tissue was slight. Ammonium 
oxalate removed 7 per cent, (largely pectic constituents) of the tissue. 
About one-fourth of the pentosans and one-half of the “uronic” acids were 
removed in this fraction. Dilute acid hydrolysis removed 21 per cent, of 
the ammonium oxalate extracted residue. It also removed 10 per cent, of 
the lignin, 50 per cent, of the remaining pentosans and altered 30 per cent, 
of the cellulose. 4 per cent. NaOH at room temperature removed less car- 
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bohydrate and total tissue than did the acid treatment. It, however, re- 
moved almost one-half of the total lignin. 

The isolated hemicellulose fraction of a 1-year-old apple wood has been 
purified and analyzed. It contained approximately 15 per cent, lignin, 
70 per cent, pentose sugars, 5 per cent, ash, and 5 per cent, moisture. No 
hexoses were identified therein, d-xylose and 1-arabinose were present, prob- 
ably in a molal ratio of 7 to 1 respectively. 88 per cent, of the total re- 
ducing sugar present in this fraction was d-xylose and the remaining 12 
per cent, was found to be 1-arabinose. 

Chemistry Section, 

Iowa Agricultural Experiment Station. 
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INFLUENCE OF SHAPE ON THE CHEMICAL COM- 
POSITION OF POTATO TUBERS 1 

J. J. WILLAMAN2 AND ALICE M. CHILD 

Decided differences in the shape of potato tubers of different varieties 
are a matter of common knowledge. It has been suggested that these varia- 
tions in shape may affect the composition of the tubers. The evidence on 
this, however, is conflicting. 

Glynne and Jackson (3), investigating the distribution of dry matter 
and of nitrogen in potato tubers, dissected out the different zones and 
analyzed them. The main regions are the medulla, or inner, and the cortex, 
or outer region. They found that the percentage of dry matter is lowest 
in the skin, increases in the cortex, and then decreases in the medulla. The 
nitrogen content in these three is in the reverse order to that of the dry 
matter. Coudon and Bussard (1) obtained practically the same results. 

East (2) states that the flatter tubers have a higher starch content, 
because of a greater proportion of cortex. Thus, if changing the shape 
changes the ratios of the zones, and if the latter differ in composition, it is 
fair to predict that the composition of the tuber as a whole will vary with 
the shape. On the above lines of reasoning Willaman and West (8, 9) 
concluded that the more spherical tubers would have the higher protein 
content. 

Renski (6), however, found a relation opposite to that above. He 
reports that the longer tubers have the lower starch content. His material 
included many varieties over a period of several years. More recently 
Neuman (5) also reports that the longer tubers have the lower starch con- 
tent. He states that high nitrogen fertilization causes an elongation of the 
tubers, but he does not give any data on the nitrogen content of these tubers. 

During 1922 and 1923 several lots of potatoes, including several varieties, 
were measured as to shape, and analyzed for dry matter and nitrogen. 
Although the data are somewhat scanty, they point rather definitely to the 
conclusion that the more spherical tubers have the higher protein content. 
Since it is improbable that the writers will have further data in the near 
future, it was thought best to publish the information so far obtained. 8 

1 Published, by permission of the Director, as paper no. 868, Journal Series, Minne- 
sota Agricultural Experiment Station. 

2 Now at Agricultural Experiment Station, Geneva, N. Y. 

3 Acknowledgment is due to Sister M. Bernadette Lies, now at the College of St. 
Theresa, Winona, Minn., and to H. O. Triebold, now at State College, Pa., for the analyti- 
cal data used in this paper. 
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Methods and materials 

From 12 to 20 tubers were taken for a sample for analysis. The dimen- 
sions were taken in millimeters, and averaged for each lot of tubers. The 
tubers were scrubbed, dried, and weighed on a special balance in air and in 
water for determining specific gravity. Then they were shredded for 
analysis. Dry matter was determined on a small sample by drying at 
100° C. Protein was determined on the dried and finely ground material 
by the Kjeldahl-Gunning method. 

The five groups of samples involved were as follows, all of them grown 
in Minnesota: 

A. Fourteen lots of Rural New Yorkers, grown in various parts of Min- 
nesota in 1922. 

B. Eight lots of Irish Cobblers grown in 1922 on peat, with various 
fertilizer treatments. 

C. One lot each of King, Irish Cobbler, Green Mountain, Rural New 
Yorker, Burbank Russet, Bliss Triumph, Russet, and Early Ohio, grown on 
completely fertilized peat in 1922. 

D. Eleven lots of Early Ohios, grown in various parts of Minnesota 
in 1922. 

E. Twenty-six lots of Early Ohios, grown in various parts of the state 
in 1923. 

Analysis of the results 

Group E, of 26 samples, is the only one of any size for treatment statis- 
tically ; since even this number is too small to justify the use of the ordinary 
coefficient of correlation, the coefficient of correlation by rank was calcu- 
lated, using the following formula taken from Jackson (4) : 


6ZD k 
n(n 2 -l) 


and the probable error by the formula : 


1 -r 2 

e = 0.706 — 

V n 

taken from Whipple (7). 

The results of these calculations for group E are given in table I. As 
has always been found by other workers, there is a high positive correlation 
between specific gravity and dry matter. Neither of these factors, however, 
appears to be related to nitrogen content or to any of the shape ratios in 
these samples. The nitrogen content of the fresh samples is negatively 
correlated with the length-depth ratio and with the width-depth ratio. In 
other words, the depth of the tuber is the deciding dimension ; and as the 
depth increases, the percentage of nitrogen in the tuber as a whole increases. 



Coefficients of correla 
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TABLE II 

Four lots of potato tubers segregated into i i long ’ ’ and ‘ * short ' ’ groups on basis 

OF LENGTH-WIDTH RATIO 


Classification 

Rural New 
Yorker 

Irish 

Cobbler 

Early 

Ohio 

Early 

Ohio 


1922 

1922 

1922 

1923 

Group 

A 

B 

D 

E 

No. of samples — 





Total . 

14 

8 

11 

26 

“Long” class 

5 

4 

6 

11 

‘ ( Short ’ 1 class . 

9 

4 

5 

15 

Length-width ratio — 





Total range . ... 

1.28-1.07 

1.15-1.04 

1.47-1.21 

1.42-1.27 

Mean of “long” class 

1.27 

1.12 

1.44 

1.40 

Mean of “short” class 

1.15 

1.07 

1.26 

1.33 

Difference, per cent. 

-9 

-4 

-12 

-5 

Width-depth ratio — 





Total range „ . . 

1.34-1.20 

1.34-1.25 

1.14-1.10 

1.15-1.09 

Mean of “long” class 

1.27 

1.30 

1.12 

1.12 

Mean of “short” class 

1.24 

1.29 

1.12 

1.13 

Difference, per cent. 

+ 2 

0 

0 

+ 1 

Length-depth ratio — 





Total range . . 

1.64-1.36 

1.54- J .34 

1.66-1.35 

1.61-1.42 

Mean of “long” class 

1.60 

1.47 

1.63 

1.57 

Mean of “short” class 

1.43 

1.38 

1.42 

1.50 

Difference, per cent. 

-10 

-6 

-13 

-4 

Dry matter — 





Total range, per cent. 

25.7-20.0 

22.8-17.9 

25.9-22.3 

24.1-20.7 

Mean of “long” class, per cent. 

23.4 

20.2 

24.3 

21.9 

Mean of “short” class, per cent. 

22.5 

21.7 

23.8 

22.6 

Difference, per cent. 

-0 

+ 7 

" 2 

13 

i 

Nitrogen, wet basis — 




; 

: 

Total range, per cent. . . 

0.543-0.350 

0.518-0.326 ' 

0.529-0.410 

| 0.499-0.377 

Mean of “long” class, per cent. | 

0.400 

0.416 

0.456 

I 0.422 

Mean of “short” class, per cent. 

0.457 

0.436 

0.479 

0.434 

Difference, per cent. 

+ 14 

+ 5 1 

+ 5 | 

+ 3 

Nitrogen, dry basis — 




i 

i 

Total range, per cent 

2.50-1.61 

1 2.27-1.53 

2.21-1.72 

2.17-1.73 

Mean of “long” class, per cent. 

1.77 

1.99 

1.88 

1.92 

Mean of “short” class, per cent. 

1.98 

! 2.00 

2.03 

1.94 

Difference, per cent. 

+ 11 

0 

f 8 

41 
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This relation is not so evident when the nitrogen in the dry matter is taken 
for comparison. 

Among the shape ratios, the length-width bears a very marked relation 
to the length-depth ; and the latter bears a significant relation to the width- 
depth ratio. Thus the length is the dominating dimension. Furthermore, 
in comparing the weight of the tubers with the shape, it is evident that as 
the tubers increase in size it is largely because of increased length. This 
is to be expected from the fact that the newly formed tuber is almost 
spherical. It is surprising, however, that these data indicate less dry matter 
in the larger tubers. This is inconsistent with the insignificant coefficient 
of correlation between size and specific gravity. The larger tubers appar- 
ently have a lower nitrogen content, which is consistent with the low nitrogen 
and long tubers. A corollary of the above facts is that the highest nitrogen 
content may be expected in the smaller tubers and in those of more 
spheroidal shape. The nitrogen content calculated to the fresh basis gives 
more significant coefficients than the nitrogen on the dry basis. 

Groups A, B, and D, as well as group E again, were treated in a differ- 
ent way. The samples in each group were arranged in order of decreasing 
length-width ratio. Each group was then divided arbitrarily into two 
classes, one of high ratio and one of low. In each class the average value 
was calculated for each ratio, for the dry matter, and for the nitrogen 
content. These data are presented in table II. The class of high length- 
width ratio is termed for convenience the “long” class and the other 
the “short.” 

Although the number of samples in each class is small, comparisons will 
bring out general tendencies. Thus, the average width-depth ratios of the 
“long” and the “short” classes are not different, as indicated by the figures 
+ 2, 0, 0, and + 1. The length-depth ratio seems to follow the length-width, 
however, as the differences between the two classes are - 10, - 6, - 13, and 
- 4 per cent. The dry matter is about the same for both “long” and “short” 
classes. The nitrogen on the fresh basis is consistently greater in the 
“short” classes. On the dry basis the tendency is less. 

In table III the data are similarly arranged, but this time in respect to 
the width-depth ratio. Those of high ratio are called “flat,” those of low 
ratio, “round” for convenience. Here it is seen that the nitrogen is con- 
sistently much higher in the “round” class. 

In table IV the comparisons are made with respect to the length-depth 
ratio. Here again the “short” class contains much more nitrogen than the 
“long.” 

In all the above tables, group E exhibited the least range in shape ratios ; 
and this explains the fact that it showed the lowest differences among the 
four groups in any one comparison. 
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TABLE III 


Four lots of potato tubers segregated into “flat” and “round” groups on basis 

OF WIDTH-DEPTH RATIO 


Classification 

Rural New 
Yorker 

Irish 

Cobbler 

Early 

Ohio 

Early 

Ohio 

Group 

1922 

A 

1922 

B 

1922 

D 

1923 

E 

No. of samples — 





Total 

14 

8 

11 

26 

“Flat” class 

9 

2 

3 

17 

“Round” class .. . . 

5 

6 

8 

9 

Width-depth ratio — 





Total range 

1.34-1.20 

1.34-1.25 

1.14-1.10 

1.15-1.09 

Mean of “flat” class . 

1.27 

1.34 

1.14 

1.14 

Mean of “round” class 

1.21 

1.29 

1.11 

l.H 

Difference, per cent. . 

-5 

-4 

-3 

-2 

Length -depth ratio — 





Total range . 

1.64—1.36 

1.54-3.34 

1.66-1.35 

1.61-1.42 

Mean of “flat” class . 

1.52 

1.54 

1.61 

1.54 

Mean of “round” class . 

1.44 

1.39 

1.50 

1.52 

Difference, per cent. 

-5 

1 -10 

-7 

-1 

Dry matter — 



i 

! 

Total range - 

25.7-20.0 

I 22.8-17.9 

25.9-22.3 

24.4-20.7 

Mean of “flat” class 

23.1 

21.3 

! 23.5 

22.2 

Mean of “round” class . . 

23.9 

| 20.9 

24.2 

, 22.6 

Difference, per cent. .. 


: -2 

+ 3 

! +2 

Nitrogen, wet basis — 

Total range .... 

| +4 

' 0.543-0.350 

[ 0.518-0.326 

1 0.529-0.410 

i 

0.499-0.377 

Mean of “flat” class 

0.417 ! 

0.370 

| 0.445 

0.420 

Mean of “round” class 

0.472 

0.445 

0.475 

0.446 

Difference, per cent. . 

+ 13 

+ 20 

: +7 

+ 6 

Nitrogen, dry basis — 

! 

! 



Total range 

2.50-1.61 

2.27-1.53 

2.21-1.72 

2.17-1.73 

Mean of “flat” class . 

1.86 

1.74 

: 1.89 

1.89 

Mean of “round” class 

1.98 

2.07 

j 1.97 

1.98 

Difference, per cent. . . 

+ 6 

+ 20 

+ 4 

+ 5 


The deductions from tables II, III, and IV are consistent throughout 
with those from the coefficients of correlation in table I. Thus three varie- 
ties of tubers show the same relations among the factors studied. For this 
reason it appeared justifiable to pool the data from all five groups, and cal- 
culate the ordinary coefficient of correlation between the nitrogen on the 
fresh basis and each of the shape ratios. The results are shown in table V. 
These coefficients on mixed varieties indicate the same relations as those on 
the Early Ohio alone: no significant value as regards length-width, but 
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TABLE IV 

Four lots of potato tubers segregated into * 6 long 9 1 and ‘ ‘ short ’ ’ groups on basis 

OF LENGTH-DEPTH RATIO 


Classification 

Rural New 
Yorker 

Irish 

Cobbler 

Early 

Ohio 

Early 

Ohio 


1922 

1922 

1922 

1923 

Group 

A 

B 

D 

E 

No. of samples — 


i 



Total ... 

14 

8 

11 

26 

“Long” class . ~ 

7 

2 

6 

14 

“Short” class .... 

7 

6 

5 

12 

Length-depth ratio — 





Total range 

1.64-1.36 

1.54-1.34 

1.66-1.35 

1.61-1.42 

Mean of “long” class 

1.58 

1.54 

1.63 

1.57 

Mean of “short” class 

1.41 

1.39 

1.41 

1.49 

Difference, per cent. 

-11 

-10 

-13 

-5 

Dry matter — 


i 



Total range . 

25.7-20.0 

22.8-17.9 ! 

25.9-22.3 

24.4-20.7 

Mean of “long” class 

1 23.6 

21.3 | 

24.3 

2.21 

Mean of “short” class 

23.3 

20.9 

23.8 

2.26 

Difference, per cent. . 

-1 

- 2 

-2 

+ 2 

Nitrogen, wet basis — 





Total range . . ... 

0.543—0.350 

0.518-0.326 

0.529-0.410 

0.499-0.377 

Mean of “long” class 

0.405 

0.370 

0.439 

0.423 

Mean of “short” class 

0.469 

0.445 

0.479 

0.435 

Difference, per cent. 

+ 16 

+ 20 

+ 9 

1 +3 

i 

Nitrogen, dry basis — 

Total range 

2.50-1.61 

2.27-1.53 

2.21-1.72 

i 

i 

1 

2.17-1.73 

Mean of “long” class 

1.75 

1.74 

1.88 

1.91 

Mean of “short” class . 

2.06 

2.08 

2.03 | 

1.93 

Difference, per cent. 

+ 18 

+ 20 

+ 8 1 

j 

+ 1 


marked negative correlation as regards length-depth and width-depth. This 
emphasizes again that depth is the determining dimension so far as nitrogen 
content is concerned. 

TABLE V 

Coefficients of correlation between nitrogen content and shape ratios in 

POTATO TUBERS 
n=( 57 



Length 

Length 

Width 


Width 

Depth 

Depth 

Nitrogen (fresh basis) 

+ 0.0959 ± 0.0816 

— 0.2S57 ± 0.0752 

— 0.4223 ± 0.0677 
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. Conclusions 

When the shape ratios of Early Ohio potato tubers are compared among 
themselves, it is found that there is a marked positive correlation between 
length-width and length-depth, and between length-depth and width-depth, 
but no relation between length-width and width-depth. Thus the length is 
the dominating dimension. It is also the dominating dimension when the 
shape ratios are compared with the size of tuber, indicating that as the 
tubers grow in size it is largely because of increased length. The nitrogen 
content of the tubers is governed more by the depth than by any other 
dimension. The smaller tubers tend to have a higher nitrogen content than 
the larger. These conclusions hold whether the comparisons are made 
within a variety, or among samples of tubers from several varieties. 

If a variety of potato of high protein content be sought, it is believed 
that it will more likely be found in one having moderate sized tubers of 
spheroidal shape. 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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THE WATER CONTENT OF WHEAT LEAVES AT FLOWERING 

TIME 

Annie M . Hurd-Karrer and J . W . Taylor 
(with one figure) 

When wheat plants are grown under certain constant growth conditions 
it has been reported 1 that the water content of their stems and leaves in- 
creases to a maximum at flowering time and decreases suddenly one or two 
days after the stamens have extruded. As an explanation the theory has 
been advanced that 4 4 the imbibition-capacity of the plasma colloids, which 
through the action of the growth-hormones is kept up as long as a vegetative 
growing point is present, decreases as soon as, through the act of fertiliza- 
tion, this growing point is virtually lost to the vegetative plant.” As the 
suggestion is made that the results are of significance in connection with 
practical problems of irrigation during the flowering period, some deter- 
minations of the moisture content of normally developing field plants dur- 
ing this period may be of interest. 

Dry-weight determinations were made at intervals of two or three days 
during the flowering and early maturation periods of plants of two fall- 
sown wheat varieties, Kanred and Purplestraw, which flowered and ripened 
on different dates. In the case of Purplestraw, there was a difference of 
six days in the time of flowering of two adjacent plots, the seed for which 
had been sown on different dates. This gave an opportunity to compare on 
the same days the moisture content of plants of one variety in different 
stages with reference to flowering. 

Twenty primary tillers from each of the three plots, Kanred, Purple- 
straw no. 1, and Purplestraw no. 2, were cut close to the ground about every 
other morning, wrapped in paper to lessen evaporation, and taken to the 
laboratory, a short distance from the field on Arlington Experiment Farm, 
Rosslyn, Virginia. . As rapidly as possible all the leaves were cut off at the 
ligule and those of each position were weighed separately. 2 Any external 
moisture present was removed by careful wiping with cheesecloth. 

The material was dried at 100° C. for three days, by which time it 
reached practically constant weight. The procedure recommended by 
Sande-Bakhuyzen to eliminate sampling errors by dividing the values for 
the leaves by the leaf area was not followed. It has been found impossible 

1 Sande-Bakhuyzen, H. L. Studies upon wheat grown under constant conditions. 
Plant Physiol. 3: 1-30. 1928. 

2 The leaves were numbered from the base of the plant upward. 
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asterisk denotes date of flowering; parentheses, leaves partially yellow or dried; brackets, leaves completely withered. 
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to measure leaf area accurately during the maturation period after the 
leaves have begun to shrivel. Moreover, the leaves of each position from 
selected primary culms were fairly uniform in size, and individual varia- 
tions in the rate of withering undoubtedly caused as much or more irregu- 
larity in the data than did variations in size. When as many as twenty 
leaves were taken for one sample, neither the small variations in total leaf 
area nor differences in degree of withering obscured the trends shown by 
the dry-weight measurements. 

There is no evidence in these data of a maximum water content just 
before flowering nor of a sudden water loss after flowering. In general the 
water content of the leaves of both varieties was decreasing from the day 
the experiment was begun, which was nine days before flowering in the case 
of Kanred, and four days before in the case of Purplestraw no. 1. It is 
true that a relatively rapid decrease occurred just after flowering in the 
second and third leaves of Kanred, but a similar decrease occurred on the 
same dates in the lower leaves of Purplestraw no. 1, which was at that time 
seven days past flowering (fig. 1). Therefore the decrease in both varieties 
was apparently due to the warm, dry weather which prevailed at this 
time. 8 

The dry-weight percentages also give no evidence of a relation between 
the rate of drying and the date of flowering of these plants. In the case 
of Kanred, the lowest leaves were almost completely withered, and the sec- 
ond leaves partially withered, before flowering time. There was no signifi- 
cant change in the water content of the upper leaf, which remained green 
throughout the experiment. In the case of Purplestraw no. 1, there was no 
sudden increase in any of the leaves immediately after flowering. In 
Purplestraw no. 2, the percentages increased slightly for all leaves just after 
flowering, but the upward trend probably began before the first measure- 
ment, which was made just at flowering time. Furthermore, a similar in- 
crease occurred over the same period in the plants of the other two plots 
(excepting the completely withered first leaf of Kanred) and these plots 
were in pre-flowering stages. 

Sande-Bakhuyzen states that in his experiments the first sign of the 
water loss after flowering was the yellowing of the tips of the leaves. Under 
field conditions yellowing of the leaves of wheat plants often begins before 
flowering, the time depending on environmental conditions and on the 
adaptability of the variety to the environment. In the present experiments 
the tips of at least the first leaves yellowed before flowering time in each of 

a The temperature and rainfall records were taken by Mr. A. Mater at Arlington 
Farm, and are for 24-liour periods ending at 8: 00 a. m. each day. Since the plants were 
always cut between 9 and 11 o’clock in the morning, the figures given in the graphs 
refer in each case to the 24-hour period preceding the date of sampling. 
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the three plots. The lowest leaves of Kanred were completely withered 
seven days before flowering and the tips of the second leaves had begun to 
yellow six days before. In the case of Purplestraw, also, the first leaves 
were all beginning to turn yellow before the plants flowered. 

Since the water content of the field plants fluctuated somewhat with 
changes in the external environment, some measurements were made on 
greenhouse plants grown under fairly uniform temperature and moisture 
conditions. It was possible to obtain tillers in pre-flowering, flowering, and 
post -flowering stages at one time and in the same rows. The data showed 
no differences in moisture content which were correctable with differences 
in the stage of development of the tillers. Consequently, it appears that the 
physiological processes involved in flowering did not exert any specific effect 
on their water content. 

Of course, the results of these experiments do not preclude the possibility 
that under a given set of conditions, such as those of a constant environ- 
ment, desiccation might always begin immediately after flowering. 

Office of Cereal Investigations, 

Bureau of Plant Industry, 

Washington, D. C. 




NOTES 


Annual Election. — The results of the annual election of the American 
Society of Plant Physiologists has been announced by the Secretary-Treas- 
urer, Dr. H. R. Kraybill, as follows : For president, Dr. Scott V. Eaton, 
of the University of Chicago ; for vice-president, Prof. Charles A. Shull, 
also of the University of Chicago. Because of previous service, the vice- 
president elect declined to serve, and the executive committee has elected 
Dr. A. E. Murneek, of the University of Missouri, to the vice-presidency. 
The new officers will have the hearty support of the entire membership. 
The growth of the Society during the last year has been very gratifying, 
and the financial condition at the close of the fiscal year on June 30 was 
stronger than at any time in the last four years. 

Program Committee. — The program committee for the Des Moines 
meeting was appointed some time ago by the retiring president, Dr. E. J. 
Kraus, of the University of Chicago. The committee is constituted as fol- 
lows: Dr. W. E. Loomis, chairman, Iowa State College; Dr. J. P. Bennett, 
Ohio Agricultural Experiment Station ; Prof. L. F. Graber, the University 
of Wisconsin ; and Dr. H. R. Kraybill, of Purdue University, ex officio . 
All members of the Society arc reminded of the desirability of concentrat- 
ing our efforts on the Dcs Moines meeting. The program committee will 
appreciate the cooperation of all members, and each one should be prepared 
to respond promptly for any service that may be requested. With proper 
efforts the Society can greatly exceed any previous meeting in interest and 
enthusiasm. 

Finance Committee. — The new constitution provides for a finance com- 
mittee whose duties as stated are 4 4 to act in an advisory capacity to the 
Secret ary-Treasurer with reference to the productive funds of the Society. 
The committee shall also seek ways and means of increasing the productive 
funds for support of the Society's work. ” The committee appointed by the 
President for this service includes Prof. Charles A. Shull, chairman; Dr. 
Walter Thomas, Pennsylvania State College ; and Dr. Burton E. Living- 
ston, Johns Hopkins University. The committee is appointed for three 
years, and the members will take their duties seriously. They will appre- 
ciate constructive suggestions at any time. An active program in further- 
ance of the purposes stated in the constitution will be initiated. 

Life Membership Committee. — The selection of the fourth recipient 
of the Charles Reid Barnes Life Membership in the American Society of 
Plant Physiologists has been entrusted by President Scott V. Eaton to a 
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committee of members as follows: Dr. Walter Thomas, chairman; Dr. 
Earl S. Johnston, University of Maryland ; Dr. J. D. Sayre, Ohio Agri- 
cultural Experiment Station; Dr. R. B. Dustman, West Virginia Univer- 
sity; and Prof. J. H. Gourijcy, Ohio Agricultural Experiment Station. 

Portraits of Wilhelm Pfeffer. — As in the case of the portraits of Sachs 
and Timiriazeff, a number of portraits of Pfeffer have been printed with- 
out the plate number and name of the journal, to provide portraits suitable 
for framing. These copies are obtainable from the editor of Plant Physi- 
ology at 12 cents each, postage prepaid. Stamps may be sent in payment. 

Fall Meeting, American Chemical Society, Division of Colloid Chem- 
istry. — The Division of Colloid Chemistry is to hold two half-day sessions 
at the fall meeting of the American Chemical Society in Minneapolis Sept. 
9-13, 1929. The arrangements for the meeting are in the hands of Dr. F. 
E. Bartell, of the Chemistry Department, University of Michigan, who is 
Chairman of the Division, and Dr. Ross A. Gortner, of the Division of 
Agricultural Biochemistry, University of Minnesota, Secretary-Treasurer 
of the Division of Colloid Chemistry. These meetings are valuable to any- 
one interested in the behavior of colloidal materials, and plant physiologists 
particularly would find them profitable. 

International Horticultural Congress. — The ninth International Hor- 
ticultural Congress will be held in London, England, from August 7 to 
August 15, 1930, just preceding the fifth International Botanical Congress, 
which is to be held at Cambridge, August 16-23, 1930. The Secretary of 
the Royal Horticultural Society, Mr. F. R. Durham, is secretary of the con- 
gress. The cost of membership in the congress will be one pound sterling, 
and should be sent to the Secretary of the Royal Horticultural Society, Vin- 
cent Square, London, S. W. 1. The main topic for discussion will be 
‘ 4 Propagation, vegetative and seminal.” An extensive program for visits 
to research stations and gardens of horticultural interest throughout the 
United Kingdom is being arranged. It will be a rare privilege for those 
planning to go to England in 1930 to attend both of these International 
Congresses. 

Purdue Section. — It is a pleasure to record the progress of the Purdue 
Section of the Society. Their work has long since passed the experimental 
stage, and the value of sectional activity has been abundantly demonstrated. 
The last year was one of unusually interesting programs. The Section’s 
meetings were held twice a month under the chairmanship of l)r. C. L. 
Porter. The program was initiated with a dinner meeting at which Dr. 
Enders gave an interesting review of “Some recent advances in general 
physiology.” The program was terminated with an address by Dr. 
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Charles F. Hottes, Head of the Department of Botany, the University of 
Illinois. Dr. Hottes chose as his subject for this address “The physiology 
of the cell.” A group of fifty or more enjoyed his talk, dealing with recent 
research in relation to earlier work on the cell. 

The year’s program was divided in such manner that the first semester 
was devoted to a study of the nutrition of the higher plants, and the second 
semester to the nutrition of the fungi. The papers presented were as 
follows : 

October 15, 1928, Some recent advances in general physiology. Dr. H. E. 
Enders. 

November 5, Nitrogen synthesis of higher plants. Dr. R. H. Carr. 
November 19, Recent studies on carbohydrate synthesis. Dr. R. E. Girton. 
December 3, Baron von Liebig’s laboratory. Mr. H. F. Hulsemann. 
January 7, 1929, Joint evening meeting with the Biological Society. Some 
papers of interest at the New York meeting of the A. A. A. S. 
January 14, Iron in plant nutrition. Mr. J. F. Trost. 

February 4, Spore germination. Factors influencing germination, espe- 
cially nutritive compounds, host influence, etc. Mr. Compton. 
February 18, Relation of vegetative growth to nutrition of saprophytes. 
Mr. Sampson. 

March 4, Establishment of nutritive connection in parasites (infection). 
Mr. Doak. 

March 18, Relation of parasites to the metabolism of their hosts. Effect of 
mineral nutrition, temperature, etc. Mr. White. 

April 1, Nature of resistance to parasites. Dr. E. B. Mains. 

April 15, Physiology of the cell. Dr. Charles F. Hottes, University of 
Illinois. 

Dr. R. H. Carr was elected chairman, and Dr. R. E. Girton secretary 
for the year 1929-1930. 

Stephen Hales. — Admirers of Stephen Hales can now obtain an 
attractive biography of this interesting plant physiologist and natural 
philosopher. The biographer is Dr. A. E. Clark-Kennedy, Fellow of 
Corpus Ohristi, Assistant Director of the Medical Unit, and Assistant 
Physician to the London Hospital. The story of Hales’s life and works is 
told in thirteen intensely interesting chapters, with fourteen illustrations. 
The frontispiece is a portrait of Hales, from the painting by Hudson in the 
National Gallery, London. Other illustrations show the Corpus Christi 
College which Hales attended, Stukeley’s map of the countryside around 
Cambridge and the Gogmagog Hills, where he and Hales botanized to- 
gether, Stukeley’s drawing of Hales’s orrery, a portrait of Stukeley, a 
few plates of reproductions from Vegetable Staticks, Newgate prison, 



402 


PLANT PHYSIOLOGY 


equipped with a ventilator invented by Hales, and the parish church in 
Teddington where Hales served the spiritual needs of his people. 

Every plant physiologist should know something of the historical back- 
ground of plant physiology. Hales was the first great modern experi- 
mentalist in the field of plant physiology. The American Society of Plant 
Physiologists celebrated the 250th anniversary of his birth, and the 200th 
anniversary of his Vegetable Staticks at the Nashville Meeting in Decem- 
ber, 1927, at which time a prize fund was established in honor of Hales. 

The biography is an intimate account of a great scientist and a great 
humanitarian. The book is published by the Cambridge University Press, 
at $6.00 per copy. Orders in this country should be sent to the Macmillan 
Co., New York. 

Botany. — The science of Botany is being well served so far as the num- 
ber of available new text-books is concerned. A recent addition to the lit- 
erature of botany is the text by Dr. W. J. Robbins and Harold W. 
Rickett, of the University of Missouri, entitled Botany, a text-book for 
college and university students. The approach to the subject is physiologi- 
cal. After a brief chapter on the cellular structure of plants, there are- 
eleven chapters covering absorption of water and dissolved materials, the 
functions of roots and stems, leaf functions, food, energy relations, forma- 
tion of new cells, growth, reactions to stimuli, life and death, and the origin 
of life. 

The next twelve chapters consider the various groups of plants, begin- 
ning with the bacteria, yeasts, molds, and fungi. There are chapters on 
algae, ferns, bryophytes, club mosses, pine, and angiosperms (two chap- 
ters). The final chapters are on inheritance, evolution, and distribution. 
Review questions occupy 37 pages at the close of the text, and an appendix 
contains 101 titles, mainly of books, for reference. Only a few citations to 
periodic literature are included in the list. 

The text is simply and clearly written. It seems to the reviewer a good 
beginning text for the general course in botany. Some of the topics are 
possibly treated in too elementary fashion for college and university stu- 
dents, particularly if they have had a year of botany in high school. It is 
better, however, to err on the side of simplicity than to be too technical in 
the first year college text. Teachers will find the book actually practicable 
in use, and students will find it interesting and stimulative. The price is 
$3.75. Orders for the text should be sent to D. Van Nostrand Co., New 
York. A book of laboratory instructions by the same authors may be had 
to run along with the text. 

The Physiological Basis of Drought Resistance. — Three years ago 
there was noted in these columns, under this title, the book which Prof. N„ 
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A. Maximov had just produced, and its forthcoming translation from Rus- 
sian into English was announced. Owing to the illness of the editor, Prof. 
Yapp, this work was greatly delayed, and has only just appeared, with the 
title, The Plant in Relation to Water, and the subtitle as above. Prof. 
Yapp lived only long enough to see the last proof sheets, and never saw the 
book he edited from a sick-bed. The general plan of the book is unchanged 
from the Russian original, although the excellent account of sap ascent 
available in English permitted the elimination of chapters dealing with this, 
and those on cellular absorption have been condensed. Part I contains 75 
pages, and treats in three chapters of The Absorption of Water by the 
Plant. Part II has 118 pages, and devotes four chapters to The Loss of 
Water from the Plant. Part III covers 184 pages and contains five chap- 
ters on The Water Balance and Drought Resistance of Plants. While the 
first two parts are admirably up-to-date and adequate in their treatment, 
the third part is the most significant portion of the book. And of this, the 
last two chapters are of especial interest, as embodying Maximov’s own 
results and theories regarding the relation between xeromorphism and 
drought resistance. Throughout the book, one is constantly impressed with 
the painstaking care of the author to include American and English work, 
as well as the more expected Russian and German work, and with the criti- 
cal analysis given methods and results. This is no mere compilation, but 
a monograph by a recognized authority who has himself worked at the prob- 
lem for fifteen years at first hand, and it deserves a wide reading by plant 
physiologists everywhere, both academic and applied. We owe a debt of 
gratitude to the author and the late editor for making available in concise 
form all the widely scattered data bearing on the water relations of plants, 
and especially the great amount of normally unavailable Russian work. It 
is a pity that so valuable a book is so poorly bound. There are 400 pages 
of text, a bibliography of .558 citations, and a good index. The publishers 
are Allen & Unwin, London, and the price from Macmillan Co., $9^0: *•**< 

Fixation of Atmospheric Nitrogen. — A book of considerable interest to 
the biologist has been published on this subject by Frank A. Ernst, of the 
Fixed Nitrogen Research Laboratory, U. S. Department of Agriculture. 
The book is concerned mainly with the commercial fixation of nitrogen, a 
chapter being devoted to each of the three main commercial processes, 
namely, the arc process, the cyanamide process, and the direct synthetic 
ammonia process. Equations showing the chemical reactions involved in 
these processes, and the energy relations of the reactions are given. Other 
chapters consider the various ammonia conversion products; economic con- 
siderations that are leading to the gradual replacement of Chile nitrate by 
the products of the commercial processes, and to the supremacy of the syn- 
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thetic ammonia process among the various commercial processes; statistics 
of the production of Chile nitrate and of the world production of inorganic 
nitrogen by the commercial processes. There are appendices giving the 
cost of production of Chile nitrate, the location of the world's plants for the 
fixation of atmospheric nitrogen, with annual capacity and 1927 rate of 
production, and nitrogen statistics of production, export, import and con- 
sumption for the principal countries of the world. The book contains 154 
pages and is published by D. Van Nostrand Co., New York. The price is 
$2.50. 
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COMPOSITION AND GROWTH INITIATION OF DORMANT 
BARTLETT PEAR SHOOTS AS INFLUENCED 
BY TEMPERATURE 

E. E. Gakdnee 
(with nine figures) 

Introduction 

Considerable attention has been given in the past to methods of shorten- 
ing the normal rest period of plants. The agents used to break the rest have 
included warn baths, nutrient salts, nareotics, anaesthetics, freezing and 
thawing, wounding, exposure to low temperatures, and other means of 
stimulation. However, in spite of the variety of means available for awak- 
ening the plant, we apparently have no convincing evidence as to how any 
of these agents bring about this renewal of growth. While it is not certain 
that all treatments which break the rest period act in a similar manner, it 
does not appear altogether unlikely that there may be a general principle 
involved: that a particular internal condition, within limits, must be at- 
tained before growth can take place. 

Exposure to low temperature has long been recognized and employed as 
a successful means of terminating the rest period. The full significance of 
this natural means, however, is usually not appreciated, since in most 
temperate climates the season of dormancy is always accompanied by rela- 
tively low temperature, and the cold weather is commonly regarded as the 
cause for the lack of growth, whereas, it is probably the necessary ante- 
cedent to the growth of many plants. 

In some regions, as in southern California, the winter months are not 
always accompanied by weather cold enough to bring about a normal spring 
awakening of all trees. This condition in the springs of 1904, 1924, and 
1926, following unusually mild winters, prevailed to the extent that there 
were many acres of fruit trees completely dormant or growing indifferently 
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from only a few buds, when they should normally have been in full leaf. 
Crop failures resulted - in the varieties which exhibited this trouble most 
markedly. Horne, Weldon and Babcock (18), who have described this 
condition, are of the opinion that the trouble occurs every year in southern 
California to a limited extent and that it is not peculiar to California but 
is of general occurrence in very mild climates. 

Various theories to account for the rest period and its termination have 
invoked changes in permeability, enzyme activity, food reserves, hydrogen- 
ion concentration, and other possible factors. One of the most prominent 
has been the question of organic food supply, with its direct relation to 
enzyme activity. Since but little is known concerning the nature of the 
chemical changes accompanying the breaking of the rest, the present work 
was undertaken to ascertain the effect of temperature on some of the con- 
stituents which are ordinarily considered important in the metabolism of 
the plant and which may bear some relation to the termination of the rest 
period. 

Review of literature 

The literature pertaining to the rest period abounds in theories concern- 
ing the nature of the rest and in methods for its termination. These have 
been amply reviewed by Howard (19), Weber (38), and Appleman (2). 
The literature here referred to is concerned chiefly with the chemical 
changes accompanying the entrance into or the exit from the rest, and in- 
cludes investigations on seeds, tubers, and woody tissues. 

“After-ripening,” which is characteristic of most seeds, and which is 
necessary in a greater or less degree for germination, is analogous to the 
rest period of woody plants. In some cases, delay in seed germination is 
due to the inhibiting nature of the seed coat, as Crocker (7) has shown; 
but Shull (36) has demonstrated that the delay is not necessarily entirely 
a seed coat effect, but may be due to a lack of stimulation of the embryo, 
as in the case of Xamthium seeds. Davis and Rose (8), working with 
seeds of Crataegus mollis , have pointed out that an exposure to low tem- 
perature is an effective means of stimulating the embryo of this seed. 
Using the same temperature, 5^-6° C., found by Davis and Rose to be most 
suitable for the after-ripening of Crataegus seeds, Eckerson (12) followed 
some of the metabolic changes occurring in the embryo of this seed during 
the after-ripening process. The food, she states, is stored in the form of 
fatty oils. There is also present considerable lecithin but no starch nor 
sugar. The initial change appears to be an increase in acidity, correlated 
with an increased water holding power and a heightened activity of catalase 
and peroxidase. She found that the after-ripening process could be greatly 
shortened by treating the embryos with dilute hydrochloric, butyric, or 
acetic acids. 
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Pack (29), in studying the after-ripening and germination of Juniperus 
seeds found that this seed, too, has a dormant embryo which must go 
through a series of changes before germination. For after-ripening, 5° C. 
seemed to be most favorable. The changes taking place at this temperature 
include an increase in hydrogen-ion concentration of the embryo, a disper- 
sion of stored fats, a decrease in fats and proteins, an increase in sugar 
and amino acids, and a doubling of catalase activity. A later paper (30) 
appears to summarize Pack's rather inclusive view of the after-ripening 
process: “ Accumulation of cell building materials: acids, phosphatides, 
active reducing substances, soluble sugars, pentoses, amino acids, soluble 
proteins, and other nitrogenous compounds ; the accumulation of enzymes ; 
the dispersion of materials; and the transformation of storage materials. 
This rapid accumulation of simple plastic cell materials, coupled with 
minimum respiration and combustion of materials, probably forces the 
dormant organs to activity. One thus sees the awakened active organ as 
a very unstable structure made up of many unstable compounds. If these 
changes are not the basis of the after-ripening process, they are found to 
accompany the after-ripening process. ’ ’ 

A number of workers have demonstrated the importance of sugars for 
seed germination. Ives (20) tried various means of forcing seeds of Ilex 
opaca — a seed very difficult of germination ; but no success was encountered 
with acids, bases, salts, electrical stimulation, etherization, light, oxygen, 
or enzymes. However, low temperature and treatment with a 5 per cent, 
dextrose solution were successful. Dextrose was reported to increase the 
germination from one in a million seeds up to sixty per cent, germination. 
Knudson (22) also has found sugars to be of assistance in the germination 
of orchid seeds. In this case fructose appeared to be more favorable than 
glucose. 

The chemical changes found by various workers to occur in potato 
tubers are more consistent than those reported for seeds. Muller-Thurgau 
(25) found an increase in the sugar content of tubers when they were sub- 
jected to low temperature. The tubers never formed sugar when frozen 
rapidly, but if their temperature was lowered slowly to -5° C. during 
fourteen days, the sugar content on the average increased from 0.3 per cent, 
to 0.92 per cent. At the same time more starch had disappeared than was 
necessary to account for the increase in sugar. He found no appreciable 
difference in the nitrogen determinations of chilled and unchilled potatoes. 
Muller-Thurgau and Schneider-Orelli (26) employed the warm bath 
method to hasten the germination of potato tubers and lily-of-the-valley 
bulbs. The warm bath, like low temperature, heightened the sugar content ; 
but these workers do not attribute the hastened growth in this case to the 
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increased sugar, but, rather to some effect of high temperature on the 
protoplasm. 

Appleman (2) reports an increase in the reducing sugar content of 
potato tubers under the influence of low temperature. He compared two 
sets of tubers, one held constantly at a growing temperature, and the other 
at a variable low temperature. Analyses of these two sets were made from 
time to time throughout the storage period. No change was found in the 
amounts of diastase or invertase to explain the carbohydrate changes. He 
states that shortening of the rest in this case did not involve protein hydro- 
lysis; for he found no appreciable differences between the two sets in the 
following nitrogen fractions — proteose nitrogen, peptones, amino acids, and 
amides. The various forms of phosphorus, too, remained constant until 
after germination had begun. Appleman concludes that the rest period of 
potato tubers is not a firmly fixed and hereditary process, as many others 
(21) believe to be the case regarding this period in general. 

Butler (4), Hopkins (17), and Denny (9) have also noted the increase 
in sugars in xiotato tubers following treatments which terminate the rest 
period. Denny (9), in agreement with the findings of Muller-Thurgau 
(25) and Appleman (2), reports no consistent differences in various 
nitrogen constituents between awakened and dormant tubers. 

Although low temperature, as an agent which breaks the rest period, 
has often been reported to increase the sugar content, Kosa (34) failed to 
obtain any shortening of the dormant period by low temperature. A high 
temperature (28-30° C.) did, however, have a marked accelerating effect on 
growth. Loomis and Evans (24) suggest that in vegetative organs such as 
conns, tubers and woody twigs, which contain stored starch, the breaking 
of the rest period by ethylene chlorhydrin, ether and similar compounds is 
connected with the hydrolysis of the starch. Bulbs, on the other hand, 
which contain little or no starch, are not affected by treatment with these 
compounds. 

Concerning the effect of temperature on the chemical changes taking 
place in woody tissues, less definite information is available than in the case 
of seeds and tubers. Perhaps the explanation is to be found in the relative 
ease of experimentation with these smaller organs. Although there are con- 
siderable chemical data indicating the seasonal changes in parts of trees 
throughout the year, it is not known what course these changes would follow 
under different temperature conditions. 

Pfeffer, Neger, Drude, Jost, Johannsen, Spath, Magness, and others 
(21) do not associate the rest period with chemical changes brought about 
by temperature effects, but believe that the yearly periodicity is the result 
of hereditary rhythm. Klebs (21), on the other hand, considers it to be 
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the result of the relation of the plant to the outer world. The rest period 
begins, he believes, if, through a decrease in one or more factors— tempera- 
ture, moisture, nutrient salts, etc. — the growth activity is lessened while 
assimilation continues until the accumulation of organic materials brings 
about an inactivation of the enzymes. Howard (19) who also favors this 
enzyme concept believes that all the phenomena connected with the entire 
resting phase are closely associated with the work of enzymes. He has 
demonstrated an increase in enzyme activity following various treatments 
which break the rest period. Coville (6), who also associates the breaking 
of the rest with the work of enzymes, has advanced a more specific view. 
He proposes that the starch stored in the tissues is separated from the en- 
zymes by cell membranes ; but, as the result of chilling, the vital activity 
of the membranes is weakened, and the enzyme ‘ ‘ leaks through” to the 
starch and converts it into sugar. The high osmotic pressure resulting from 
the increased sugar initiates the growth of the buds. 

While Fischer (13) concludes that periodicity of growth is conditioned 
by a periodicity of the processes of food changes, he believes that these 
changes in turn rest upon an hereditary periodicity of certain properties of 
protoplasm. He followed the starch changes in the tree throughout the 
dormant season and found a starch maximum from leaf fall until November, 
then a decrease during the winter months, followed by a secondary maxi- 
mum in April. Peretolcin (31) found that in the oak the period of 
greatest starch content corresponded to the period of deepest rest. Work- 
ing with Quercus, Fraximus, Vlmus , and Tilia, he reports a gradual con- 
version of starch into fats as the rest period draws to a close. Weber (38) 
also reports an inverse relationship between starch and fat content in a 
number of species. Tuttle (37), working chiefly with Linnaea, an ever- 
green species, claims that exposure to high temperature (20° C.) caused a 
conversion of oil into starch in the leaves, while a reconversion into oil was 
brought about by an exposure for eight days to 0° C. She states that in 
northwestern Canada, where chilling weather sets in early in the fall, the 
leaves of most evergreen trees are destarched by October and that they then 
contain large amounts of oils. 

Niklewski (27), using excised branches of Tilia, Prunus, and Betula, 
quantitatively determined the amount of fats present in the branches before 
and after exposure to various temperatures from 1° to 22° C., and concluded 
that the fat content bears no relation to temperature. He does, however, 
report an increased sugar content in both bark and wood under the influence 
of low temperatures. Pojarkova (32) found a relationship between the 
inversion of starch into sugar and the breaking of the rest, but reports com- 
plete absence of fats in the species investigated — Berberis , Lonicera, 
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Amelanchier, Acer, apd Corylus . Evidently the conversion of starch to 
fats, sometimes reported to take place, is not of universal occurrence in all 
trees, nor does it appear to be indispensable to the breaking of the rest 
period. 

Klebs (21) believes that the rest period may begin because of lack of 
mineral nutrients to the buds. Rippel (33) , however, calls attention to the 
fact that nitrogen and other elements are moved back from the leaves to the 
buds just before leaf fall, and that this increased mineral supply to the buds 
comes at a time when the rest period is beginning. While it is his opinion 
that the rest is something more than a matter of mineral supply, yet he 
shows the importance of mineral nutrients for continued development of the 
buds once their growth has been initiated. 

Abbott (1) determined some of the chemical changes taking place at 
the beginning of the rest period in the tips of one-year-old peach seedlings 
and in the tips and bark of Grimes apple trees. The analyses show an in- 
crease during August, September, and October in sugars, starch, and total 
carbohydrates. The hydrogen-ion concentration of the expressed sap de- 
creased in the fall and remained relatively low throughout the dormant 
season until growth began in the spring, at which time it again increased. 

Boresch (3) has shown that a high temperature coupled with insufficient 
oxygen leads to a considerable increase in free organic acids in plant tissue. 
This, he believes, is the effective action of the warm bath as a method of 
breaking the rest. The increased production of acids and the resultant 
change in pH of the protoplasm, may hasten bud development. 

In regard to changes in sap concentrations, Lewis and Tuttle (23), 
working with sap expressed from evergreen leaves, found an increasing 
osmotic pressure during the winter and a subsequent falling off in the 
spring. The electrical conductivity during the same period remained fairly 
constant, indicating that the change in osmotic pressure was due to non- 
electrolytes. Sugar estimations on the sap followed in general the osmotic 
changes. Gail (14) also reports that the density in the sap of leaves from 
pine and broad leaved evergreen shrubs increases during the winter months 
and reaches a maximum in late January and February. 

This brief review of investigations concerning the changes associated 
with the breaking of the rest period serves to indicate the fragmentary and 
inconsistent nature of the evidence relative to this very important phase in 
the life of the plant. 

Experimental material and methods 

It is not meant in this section to include unnecessary details of pro- 
cedures with which investigators are perfectly familiar. However, sufficient 
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details should be recorded to enable the reader to evaluate for himself the 
results obtained. This is particularly true of the analytical methods where 
a number of deviations from the usual procedures occur and where some 
justification of the methods used is necessary. 

Material 

Five-year-old Bartlett pear trees, grown in Berkeley, were used for this 
problem. These trees were heavily pruned in the early spring so that by 
fall they had produced an abundance of straight upright shoots, two and a 
half to three feet in length. These shoots constituted an unusually uniform 
group of material for analytical purposes. 

On October 26, twenty-four trees were defoliated and dug from the 
orchard, as much of the root system being preserved intact as it was prac- 
ticable to accommodate in the boxes of sand in which the trees were then 
planted. Eight of the trees, in boxes of moist sand, were placed in cold 
storage at a temperature of 2° C. A similar set of eight was maintained 
in the greenhouse, the temperature of which was controlled so that it never 
dropped below 16° C. The third set of eight was placed outside tjie green- 
house, thereby exposing the trees to the fluctuations of temperature char- 
acteristic of the winter season in Berkeley. 

Sampling 

Each sample collected for analysis consisted of twenty-four shoots, se- 
lected from the eight trees of the set with reference to uniformity of length, 
size, and position on the tree. The upper two feet of each shoot, constituting 
about three-fourths of its total length, were used for analysis. 

The first three collections of shoots, dated September 11, October 2, and 
October 24, were taken from the selected trees before the trees were dug 
from the orchard in order to ascertain the normal trend of changes before 
subjection to different temperatures. After the trees had been dug and 
moved to the three temperature conditions previously stated, collections of 
shoots from the three sets of trees were made approximately every two weeks 
throughout the winter period in order to follow the chemical changes taking 
place in each set under its particular temperature condition. 

In all cases bark was separated from wood for individual determinations. 
The samples were weighed and rapidly dried in a fan-ventilated oven at 
78° C. and when dry, were re- weighed for moisture determinations and 
ground to a fine powder, most of the particles of which were able to pass 
a 100-mesh screen. 

Alcoholic extraction 

5-gm. portions of the dry, powdered samples, were extracted in the 
Soxhlet apparatus with 95 per cent, alcohol to which had been added a small 
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amount of sodium carbonate. The extract was then entirely freed from 
alcohol by means of a hot air blast, taken up in warm water, filtered, and 
made up to a volume of 200 cc. with distilled water. 

Analytical methods 

Biological methods for the determination of the carbohydrates have been 
used as far as practicable. The use of enzymes instead of acids in the 
procedures involving hydrolysis has made “clearing” of the solutions un- 
necessary. Because of the methods employed it is believed that the frac- 
tions reported here represent rather closely the substances named — that the 
fraction termed “hexose sugar” represents only hexose sugar, and simi- 
larly for the other carbohydrate contituents. 

Determination of reducing value . — The Shaffer and Hartmann ( 35 ) 
iodometric method for the determination of reducing value was employed 
with minor variations. In all cases the cuprous oxide precipitate was col- 
lected and washed on an asbestos mat in a Gooch crucible before it was 
dissolved and titrated. This process eliminated substances which may in 
themselves have no power of reducing Fehling’s solution, but which might 
form addition or substitution products with iodine and thereby vitiate 
the titration. This precaution seems to be necessary in the case of pear 
tissues which contain large amounts of arbutin. 

Total free reducing substances were determined on a 50 cc. aliquot of 
the uncleared solution. 

Hexose sugar . — To a 50 cc. aliquot of the extract, a small cube of 
Fleischmann baker's yeast (approximately 0.3 gm.) and 4 cc. of 95 per 
cent, alcohol were added. The solution was shaken to get the yeast into 
suspension and then incubated 18-24 hours at 37° C. An occasional agi- 
tation during that period facilitated the fermentation of the hexose. It 
was found that yeast, by means of its emuLsin, would split arbutin, which, 
as has been mentioned, is present in pear tissues, and particularly in the 
bark, in relatively large amounts. In preliminary work, this often resulted 
in a higher reducing value after fermentation than before, due to the 
hydrolytic product, quinol, not fermented by the yeast. The addition of 
alcohol checked the activity of the yeast emulsin, but did not interfere with 
complete hexose fermentation. The difference between the total free re- 
ducing substances and the reducing value after fermentation represents 
hexose sugar. 

Non-hexose free reducing substances . — This fraction is represented by 
the reducing value obtained after all hexose material had been fermented 
away by the yeast. 

Sucrose . — The increase in reducing value after invertase inversion is 
recorded as sucrose. Wallerstein’s invertase scales were employed in this 
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determination, using 5 cc. of a 1 per cent, solution of the scales to 50 cc, 
of the plant extract. 

It was found that “Difco” invertase was unsatisfactory when added to 
uncleared solutions, for a precipitation invariably resulted and often a 
decrease in reducing value instead of the expected increase. Presumably 
tannins or other substances capable of reducing Fehling’s solution were 
precipitated by “Difco” invertase. The scales appear to be free from this 
objection. Incubation was carried out at 37° C. over night. In this case, 
also, 4 cc. of 95 per cent, alcohol was added to the solutions with the enzyme, 
since the invertase was not found to be free from emulsin which would 
otherwise split some of the arbutin present. The invertase scales have a 
small blank for which correction was necessary. 

Arbutin . — For hydrolysis of this rather large fraction, the enzyme 
emulsin was used. Commercial emulsin seemed open to the same objection 
stated for “Difco” invertase, namely, that when added to uncleared solu- 
tions, precipitation resulted. A very active emulsin was prepared from 
sweet almonds, using the method described by Onslow (28). This prep- 
aration was not, however, free from invertase, and for this reason it was 
used in conjunction with invertase scales in order to be certain that com- 
plete inversion of the sucrose was effected as well as hydrolysis of the ar- 
butin. Pure arbutin could be completely hydrolyzed by this emulsin 
within thirty-six hours at 37° C. The arbutin reported represents the 
difference between the reducing value after invertase inversion and that 
obtained after the use of emulsin plus invertase. 

Starch . — To the sample residue, after extraction with alcohol, boiling 
water was added and the mixture allowed to boil for fifteen minutes on a 
hot plate. After cooling, 5 cc. of saliva and NaCl sufficient to make a 1 
per cent, solution were added. Incubation was carried out at 40° C. for 
twenty-four hours. Continual agitation, by means of a shaker, facilitated 
the digestion. 

Saliva was used for the digestion, in preference to Taka diastase, as 
being more specific for starch, since Taka diastase contains such a mixture 
of enzymes. Moreover, saliva has a zero blank with Fehling’s solution, 
whereas, Taka diastase has a large one which becomes still larger if fol- 
lowed by acid hydrolysis. 

Due to the presence of water-soluble acid-hydrolyzable material, not 
hydrolyzed by amylase and which therefore does not properly belong to 
the starch fraction, a factor, instead of the usual acid hydrolysis, was used 
to compute starch as glucose. The experimental curve (fig. 1), was con- 
structed from data obtained by the use of potato starch and saliva under 
the same conditions of incubation given the plant samples. The reducing 
value in terms of cc. of thiosulphate after treatment with saliva is plotted 
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Fig. 1. Conversion curve for starch determinations. Reducing value in terms of cc. of 
thiosulphate after saliva digestion is plotted against value after acid 
hydrolysis of pure potato starch. 


against the value obtained after acid hydrolysis of aliquots of the same 
samples. Using saliva in a constant amount, the factor, by which the re- 
ducing value after treatment with saliva must be multiplied in order to 
convert it into terms of glucose, is seen from the curve and from table I 
to increase as the amount of starch increases. 

TABLE I 

Reducing value of increasing amounts of potato starch after saliva digestion 

AND ACID HYDROLYSIS 


After saliva digestion 
(Thiosulphate) 

Followed by acid- 
hydrolysis 
(Thiosulphate) 

Factor 

cc . 

cc . 


11.6 

17.8 

1.534 

23.9 

37.7 

1.575 

40.5 

66.0 

1.63 

53.6 

89.0 

1.66 

90.5 

160.0 

1.77 

107.0 

195.0 

1.82 


Water-soluble polysaccharides other than starch . — After the determina- 
tion of starch, a 50 cc. aliquot of the solution already digested by saliva 
was hydrolyzed with a 3 per cent. HC1 for an hour in a boiling water bath 
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and then neutralized with NaOH. The difference between the reducing 
value after acid hydrolysis and the value from the starch conversion curve 
represents the water soluble polysaccharides. 

Total nitrogen . — This determination was made by the K j eldahl-Gunning 
method, using 5 gm. of dry sample. 

Amide nitrogen . — This nitrogen fraction was determined by the 
standard method of Sachsse, using 10 gm. of .dry sample. 

Freezing point depression . — These determinations were made with a 
Beckmann thermometer, on the sap immediately after its expression. The 
press used for obtaining the sap exerts a pressure on the sample of 870 
kilograms per cm. 2 , and the expression was continued until all the sap 
obtainable with this apparatus had been collected. 

Electrical conductivity. — The conductivity of the expressed sap was de- 
termined by the standard method of Kohlrausch at 25° C. 

Free organic acids and esters. — These were determined on 10 cc. por- 
tions of expressed sap which had been preserved in alcohol. An excess of 
0.1 N NaOH was added and saponification carried out in a boiling water 
bath. The excess base was then titrated with standard acid, using phe- 
nolphthalein as an outside indicator. The natural color of the solution 
made detection of the end-point difficult; hence, the results are given as 
only approximate. Most of the acid found was combined, but it was not 
ascertained whether the acids of the fresh sap are largely combined, or 
whether esterification had taken place during the storage of the samples 
in alcohol. 

Results 

Growth responses 

Cessation of the resting condition is not abrupt, but rather a gradual 
transition. The growth responses of orchard and storage trees reflected 
this gradual dissipation of the rest; and for this reason a sharp line de- 
marcating the resting from the active condition can hardly be drawn 
through a series of frequent observations. 

The experimental trees kept outdoors during the winter began growth 
in the spring at the normal awakening time. Digging of the trees in the 
fall evidently did not influence their time of exit from the rest period. 
Shoots were removed from these trees at frequent intervals throughout the 
winter and placed in jars of water in the warm greenhouse in order to fol- 
low the progress of the rest period. Shoots cut from the outdoor trees 
previous to December 7 exhibited practically no activity. Little chilling 
weather had been experienced up until this time. The collection of Janu- 
ary 5 made a little growth after about three weeks in the greenhouse. This 
consisted chiefly of the unfolding of flower buds. Each successive collection 
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from these trees showed a quicker and more complete response than the 
last. By February 4 very fair response was secured within a week or ten 
days after transfer to the greenhouse, and it was judged that the rest period 
of the shoots from the orchard trees was over at this time. 

Shoots from storage trees were capable of growth much earlier than 
those from the orchard set. By November 23, after four weeks in cold 
storage, a few flower buds opened within three weeks following the removal 
to the greenhouse. Here again each successive collection responded better 
and more quickly than the preceding one. By January 19, all buds showed 
considerable activity within four days after transfer to the greenhouse. 

The absence of growth from the greenhouse trees was very striking. 
Although given warm temperature and abundance of moisture throughout 
the year these trees remained dormant, except for little tufts of growth 
around the stubs left after the removal of shoots. This growth, which was 
obviously the effect of wound stimulus, was decidedly localized. Except 
for a few terminal buds which now and then pushed out into a weak 
growth, there was no evidence of awakening on the part of the greenhouse 
trees after eleven months of external conditions favorable for growth. 
Shoots removed from these trees and placed in water also failed to awaken. 


Temperature conditions in Berkeley 
Figure 2 4 shows the temperature conditions in Berkeley to which the 



Fig. 2. Daily maximum and minimum temperatures in Berkoley, 1926-1927, averaged 
weekly. A, cessation of terminal growth. B, bark beginning to stick. 

C, trees dug. D, rest period over. E, buds swelling. 


orchard trees were exposed. The state of activity of the trees is also in- 
dicated at intervals. Although the minimum temperature during the 


GARDNER: BARTLETT PEAR SHOOTS 


417 


winter months averages about 7° C., the lowest point in the curve being 
for the last week of December with an average minimum temperature of 
2.5° C., yet this degree of chilling is apparently sufficient to bring about a 
normal spring awakening. Since the trees kept in the greenhouse, where 
the minimum temperature was 16° C., failed to awaken, it is apparent that 
the least chilling temperature which can break the rest period of the 
Bartlett pear tree lies roughly somewhere between 2.5° and 16° C. The 
length of exposure to a given temperature is probably important also. 
A longer exposure to only a moderately low temperature may be as effec- 
tive in breaking the rest period as a shorter exposure to a lower 
temperature. 

From the temperature curve it can be seen that the resting condition 
of the shoots was attained before the advent of chilling weather. This is 
in agreement with Howard’s view ( 16 ), that the beginning of the rest is 
due wholly to inner causes. 

Analytical results 

Throughout the following tables and graphs the designations “ orchard / 9 
“ greenhouse / 9 and “storage,” respectively, refer to shoots taken from the 
trees maintained in the open with its uncontrolled temperature conditions, 
in the greenhouse where the temperature was never lower than 16° C., 
and in the storage at a constant temperature of 2° C. The first three col- 
lections of * * orchard ’ ’ material were made before the trees were dug ; after 
which time, October 27, all trees were transplanted into boxes of sand and 
exposed to the temperature conditions stated for each set. * 

TABLE II 

Total moisture, expressed in percentage op fresh weight 


Date 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



per cent . 

per cent. 

per cent. 

per cent. 

per cent. 

per cent . 

September 

11 . 

02.5 



51.2 



October 

2 

59.9 



45.3 



October 

24 

59.1 



45.2 



November 

4 

59.0 

59.1' 

60.3 

! 45.8 

47.8 

46.5 

November 

23 

59.4 

58.6 

59.8 

; 46.0 

44.9 

46.8 

December 

7 

58.0 

58.0 

58.3 

45.6 

44.8 i 

46.9 

December 

23 . 

58.3 

63.0 

58.5 

47.0 

46.2 

47.4 

January 

5 

58.6 

59.4 

58.2 

46.8 

46.9 

47.1 

January 

19. 

58.6 

58.7 

58.4 

47.8 

47.0 

47.6 

February 

4... 

57.6 

58.7 

58.2 

47.8 

47.5 

46.3 

February 

17 . 

58.3 

59.2 

58.1 

48.6 

47.3 

45.6 

March 

7 ‘ 

57.5 

60.0 

: 

60.0 

48.0 

47.7 

47.2 
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The moisture content throughout the period of experimentation is seen 
from table II to remain fairly uniform in all three sets of trees. Apparently 
a marked change in water content is not necessarily associated with the 
cessation of the rest period, nor with chemical transformations which take 
place under the influence of temperature. Because of the uniformity in 
moisture, expression of the following chemical data on a dry weight basis 
seems reliable for comparative results. 

TABLE III 

HEXOSE SUGAR, EXPRESSED as MG. OF GLUCOSE PER 5 GM. OF DRY SAMPLE 


1 Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

11. 

40.5 



17.2 



October 

2 

41.4 



24.5 



October 

24 

60.3 



24.5 



November 

4- 

59.0 

78.0 

95.0 

24.5 

23.0 

21.0 

November 

23 . 

53.0 

72.0 

108.0 

24.5 

19.0 

39.0 

December 

7 

70.0 

60.0 

99.0 i 

27.0 i 

21.0 

36.0 

December 

23 . 

76.0 

38.0 

100.0 

24.5 

16.0 

43.0 

January 

5. 1 

87.0 1 

50.0 

118.0 

26.0 ! 

21.0 

50.0 

January 

19 . 

103.0 1 

53.0 1 

112.0 

27.0 ’ 

19.0 

37.0 

February 

4.. 

123.0 

55.0 : 

123.0 ; 

23.0 | 

16.0 

35.0 

February 

17... 

99.0 ; 

70.0 

103.0 ' 

21.0 i 

15.0 

25.0 

March 

7 

1 72.0 

58.0 1 

93.0 

23.0 

14.0 

23.0 


As regards the effect of temperature on the hexose content (table III 
and fig. 3) it is to be noted that the largest accumulation occurs under the 
condition of lowest temperature, while in the greenhouse trees hexose fails 
to increase. 

The non-hexose free reducing substances indicate no constant differences 
between the three sets of trees. While it is not definitely known what con- 
stitutes this fraction, it may include among other substances, tannins, pen- 
toses, and quinol. The variations in amount appear to be unaffected by 
temperature and to bear no relation to the changes accompanying the 
breaking of the rest period. 

The effect of low temperature on the sucrose content is very similar to 
its effect on hexose sugar, although even more marked (table V and figure 
4). Figure 5 expresses total sugars in each of the three sets of trees. 

Arbutin, which assumes relatively large proportions in pear bark, ap- 
pears to play no part, at least by variations in its amount, in the mechanism 
of growth-releasal. Under the influence of temperature it remains practi- 
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cally unaffected (table VI). Some writers have postulated that glucosides 
are closely involved in the respiratory mechanism. If this is true it is 
interesting that arbutin remained so uniform under these widely different 
temperature conditions, which presumably resulted in marked differences 
in respiration. 


TABLE IV 


NON-HEXOSE tree H EDUCING SUBSTANCES, AS MG. OF GLUCOSE PER 5 GM. OIF DRY SAMPLE 


Date 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

H 

120 



13 



October 

2- 

120 



11 



October 

24 . j 

116 



7 



November 

4 • 

126 

110 

127 

19 

8 

11 

November 

23 | 

126 

95 

121 

12 

8 

15 

December 

7 . ! 

117 

106 

114 

13 

11 

12 

December 

23 

148 

110 

130 

9 

13 

11 

J anuary 

5 . 

144 

112 

123 

1 16 

9 

11 

January 

19 

133 

118 

127 

21 

9 

11 

February 

4 

128 

136 

127 

23 

11 

12 

February 

17 

124 

123 

145 

15 

11 

11 

March 

7 . 

142 

134 

145 

I 

19 

11 

15 
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TABLE V 

Sucrose, as mg. op glucose per 5 gm. op dry sample 


Bate 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 

. 



mg. 

mg . 

mg. 

mg. 

mg. 

mg. 

September 

11 

5.0 



6.0 



October 

2 . 

7.5 



5.0 



October 

24. 

9.0 



7.0 



November 

4 

28.0 

13.0 

24.0 

11.0 

13.0 

25.0 

November 

23 

29.5 

10.0 

54.0 

13.0 

16.0 

29.0 

December 

7 

43.0 

17.0 

90.0 

14.0 

10.0 

41.0 

December 

23 . 

43.0 

10.0 

118.0 

15.0 

15.0 

42.0 

January 

5 . 

34.0 ' 

19.0 

114.0 

20.0 

10.0 

33.0 

January 

19 

52.0 1 

19.0 

120.0 

27.0 1 

10.0 

33.0 

February 

4 

41.0 ! 

24.0 

106.0 

25.0 

6.0 

33.0 

February 

17 

56.0 

19.0 

100.0 

26.0 

12.0 

37.0 

March 

7 

43.0 

17.0 

120.0 

18.0 

11.0 | 

i 

| 36.0 


The changes in starch content at different temperatures are shown in 
table YII and figure 6. The starch increase in the fall, while the leaves 
were still on the trees, and the decrease from then on, characterize the 
curves. The greatest drop is seen in the storage trees — the same trees 
which showed the largest sugar increase. It is apparent, however, that the 
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Fig. 5. Total sugars, as mg. of glucose per 5 gm. of dry sample, 
decrease in starch is greater than is necessary to account for the increase 
in sugars. While this discrepancy might be accounted for entirely by res- 
piration, there is still the possibility of starch conversion into some con- 
stituent not included in the analyses. 

The fraction designated “water-soluble polysaccharides other than 
starch ’ 9 is reported for pear bark only (table VIII). If present at all in 

TABLE VI 

ARBUTIN, AS MG. OF GLUCOSE PER 5 GM. OF DRY SAMPLE 


Date 

Bark 

Wood 

! Orchard 

. .. i 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



1 ! 

mg. \ 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

11 . 

i 227 



39 ! 



October 

2. 

241 



44 



October 

24 . 

j 245 



35 



November 

4 

i 237 

242 

245 

39 

40 

36 

November 

23 

i 240 

! 245 

245 

31 

36 

41 

December 

7 

I 245 

217 

246 

29 

31 

26 

December 

23 

j 226 

242 

245 

39 

37 

42 

J anuary 

5 . 

226 

237 

222 

40 

42 

38 

January 

19.. 

217 

235 

226 

35 

48 

36 

February 

4 . 

214 

192 

222 

41 

42 

40 

February 

17.. 

226 

203 

230 

45 

37 

40 

March 

7. 

237 

1 

202 

* 222 

39 

36 

37 
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TABLE VII 

STARCH, AS MG. of GLUCOSE PER 5 GM. OF DRY SAMPLE 


Date 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

11. 

136 



317 



October 

2 . 

185 



505 



October 

24. 

268 



620 



November 

4 

224 

210 

163 

684 

705 

615 

November 

23.. 

185 

200 

108 

625 

676 

560 

December 

7. 

166 

200 

90 

625 

615 

520 

December 

23. 

163 

200 

80 

596 

573 

495 

January 

5 

154 

186 

80 

570 

548 

476 

January 

19.. 

! 145 

198 

83 

517 

515 

455 

February 

4.. 

! 133 

175 

80 

470 

476 

437 

February 

17 

! HI 

175 

71 

455 

480 

446 

March 

7 

| 111 

i 

169 

71 

461 

476 

420 


the wood its amount is no greater than the experimental error of the starch 
determination. It is seen to be an erratic quantity, showing no particular 
trend and disclosing no relationship to the problem of the rest period. It 
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TABLE VIII 

WATER-SOLUBLE POLYSACCHARIDES OTHER THAN STARCH, AS US. OF GLUCOSE PEE 5 GM. Or 

DRY SAMPLE 


Date 

Bark 

Orchard 

Greenhouse 

Storage 



■ 

mg . 

mg. 

mg. 

September 

11 

72 



October 

2 

68 



October 

24 

! 68 



November 

4 

1 62 

87 

108 

November 

23 . 

82 

91 

80 

December 

7.. .. 

77 

85 

: 86 

December 

23 

; 72 

85 

i 83 

January 

5 . 

! 54 

64 

68 

January 

19 . 

i 69 

80 

58 

February 

4 

78 

68 

71 

February 

17. ... 

87 

98 

77 

March 

7 . 

72 

112 

77 


probably includes water-soluble hexosans and pentosans among other things. 
The table is included for the purpose of showing the magnitude of this 
fraction. 

Complete data on the fat content of the shoots was not obtained. How- 
ever, benzene extractions were made on material collected January 19 from 
three sets of trees and showed no appreciable difference between the three 
sets. At the time of this collection, other constituents were showing maxi- 
mum differences as the result of temperature. In all cases the weight of 
the benzene extract was very small and appeared to be largely due to 
pigments. 

Total nitrogen (table IX), as might be expected of trees standing in 
pure sand, remained practically constant. There is perhaps a tendency 
Qn the part of the bark of orchard and, greenhouse trees to increase in 
nitrogen, but it will be observed that the wood of these trees decreases in 
nitrogen about the same extent. Possibly there was a migration of nitrogen 
from wood to bark at these temperatures, whereas at the low storage tem- 
perature no such transfer took place. In any event, temperature appar- 
ently does not influence the total nitrogen of the entire shoot, nor is the 
total amount of nitrogen in itself a factor related to growth renewal. 

Little can be concluded regarding the relation of the amide nitrogen 
fraction to the growth responses of the trees from the three sets (table X). 
There does, however, appear to be some indication from the data of orchard 
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TABLE IX 

Total nitrogen, as mg. per 5 gm. of dry sample 


Date 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 



mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

11 . 

50.5 



30.5 



October 

2 . 

51.5 



28.6 



October 

24.. 

53.3 



28.2 



November 

4 

54.2 

52.5 

53.3 

28.0 

29.4 

29.4 

November 

23 . 

53.8 

54.8 

52.9 

26.3 

28.4 

29.0 

December 

7- 

53.3 

55.5 

52.0 

25.3 

28.0 

29.8 

December 

23 . 

54.8 

55.7 

54.3 

22.7 

26.0 

28.4 

January 

5 i 

56.5 

57.8 

52.9 

22.4 

25.8 

28.0 

January 

19 1 

58.1 | 

58.5 

53.0 

22.2 

25.2 

28.1 

February 


58.0 

60.1 i 

54.0 

23.1 

25.0 

28.4 

February 

17 . ; 

60.4 j 

59.5 

53.7 

23.5 

25.2 

28.3 

March 

7 

61.2 : 

l 

58.7 ; 

54.3 

24.4 

24.1 

29.4 


trees that amide nitrogen is relatively high in the fall while the trees are 
active, is lower during the dormant season, and again increases as growth 
begins in the spring. The vernal increase, however, did not take place 
until after growth initiation. 

The changes in freezing point depression of the expressed sap under 
the three temperature conditions are shown in table XI and figure 7. The 

TABLE X 

Amide nitrogen, as mg. per 10 gm. of dry sample 


Date 

Bark 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse , 

Storage 



mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

September 

11 . 

6.30 



4.55 

i 


October 

2.. 

5.03 



3.14 



October 

24 .. 

4.75 

1 


2.50 



November 

4 . 

4.55 

5.23 

4.98 

2.16 

2.32 

2.94 

November 

23.. 

4.75 

5.20 

4.31 

2.27 1 

2.10 

, 2.82 

December 

7... 

4.53 

4.55 

4.33 ! 

2.13 

2.21 

1 2.97 

December 

23... 

4.98 

5.03 

4.86 

1.76 

2.12 

2.66 

January 

5.. 

5.06 

4.98 

4.62 

1.76 

2.10 

j 2.66 

January 

19 .. 

5.06 * ! 

5.06 

4.84 

1.99 j 

2.10 

, 2.50 

February 

4.. 

4.90 

5.06 

4.28 

1.85 

2.10 

2.80 

February 

17.. 

5.03 

4.90 

4.15 

1.88 

1.88 

2.72 

March 

7 . 1 

5.25 

4.65 

4.55 

1.96 

2.13 j 

2.82 
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TABLE XI 

Freezing point depression op expressed sap 


Date 

Barr 

Wood 

Orchard 

Greenhouse 

Storage 

Orchard 

Greenhouse 

Storage 


deg . C. 

deg. C. 

deg. C. 

deg. C. 

deg. C. 

deg. C . 

September 11 . 

1.11 



0.58 



October 2 

1.25 



0.56 



October 24 .. 

1.22 



0.49 



November 4 . 

1.20 

1.22 

1.25 

0.51 

0.54 

0.56 

November 23 . 

1.21 

1.28 

1.39 

0.55 

0.54 

0.62 

December 7 . 

1.26 

1.25 

1.58 

0.53 

0.52 

0.70 

December 23 

1.31 

1.28 

i.65 ; 

0.55 

0.62 

0.75 

January 5 

1.43 

1.29 

1.65 

0.58 

j 0.61 

0.76 

January 19 

1.43 

1.28 

1.59 j 

0.62 

0.55 1 

0.75 

February 4 

1.46 

1.24 , 

1.64 , 

0.64 | 

0.57 

0.76 

February 17 . : 

1.39 | 

1.21 

1.63 

0.59 

0.54 ! 

0.75 

March 7 j 

1.33 ! 

1 

1.24 

1.71 

0.58 

0.55 j 

i 

0.80 


differences in freezing point depression probably can not be attributed to 
electrolytes, since the electrical conductivity remains uniform. It is in- 
teresting that the freezing point curves follow in general the curves for 
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hexose and sucrose. Although the sugars are the only sap-soluble con- 
stituents found thus far to undergo changes comparable to the changes in 
freezing point depression, it does not appear likely that they could be 
wholly responsible for such marked freezing point differences. For this 
reason the depressions which would be contributed by the sugars have been 
subtracted from the experimental freezing point determinations, and the 
curves thus redrawn to exclude sugar effects (fig. 8). 



Fig. 8. Freezing point depression of expressed sap minus sugar effects. 


The revised freezing point curves make it apparent that some sap- 
soluble substance or substances not yet accounted for show marked changes 
under the influence of low temperature, and that they simulate the behavior 
of the sugars. This observation led to the investigation of organic acids, 
or their esters, in the expressed sap (table XII). 

The organic acids of the sap, or their esters, occur in rather large pro- 
portions, equivalent in some instances to a 0.4 N solution. Low tempera- 
tures appear to increase the amount of this fraction, the effect being similar 
to the behavior of the sugars though not so marked (figure 9). It is be- 
lieved that the remaining difference found in the freezing point depression 
curves after the deduction of sugars can largely be accounted for by this 
fraction, although as explained before, this determination of acids is only 
an approximate one. The results are, however, sufficiently reliable for the 
conclusion that low temperatures result in appreciable changes in the acid 
content of the sap, these changes being similar to those which take place 
in the sugars and in the freezing point depression. 
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TABLE XII 

Organic acids or their esters, expressed as cc. of 0.1 n acid per 10 oo. or sap 


Date 

Bark 

Orchard 

Greenhouse 

Storage 


CC. 

cc. 

cc. 

November 4 

28.3 

28.0 

30.8 

November 23 

28.7 

29.0 

35.0 

December 7 

29.3 

28.5 

36.2 

December 23 

30.3 

29.0 

38.0 

January 5 

31.6 

29.0 

37.7 

January 19 j 

30.2 

28.4 

37.0 

February 4 

34.2 

28.0 

39.1 

February 17 

33.8 

27.0 

39.0 

March 7 

33.5 

28.4 

41.2 


Discussion 

The Bartlett pear tree, after subjection to sufficient chilling, shows a 
very definite growth response which does not occur if the temperature re- 
mains relatively high during the dormant season. Trees which were moved 
into the warm greenhouse in October, without previous chilling, were still 
practically dormant eleven months later, although temperature and moist- 
ure conditions were favorable for growth at all times. Exposure to low 
temperature apparently brings about a change in some internal condition 
which is necessary for the beginning of growth. 




428 


PLANT PHYSIOLOGY 


The changes in composition which are induced by exposure to relatively 
low temperatures are found to occur chiefly in the carbohydrates. The 
increase in sugars, although very marked and correlated with the ability 
of the shoots to grow, has not been established as necessary for the growth 
response. Coville (6) believes that a high concentration of sugar initiates 
the growth of the buds by means of the high osmotic pressure thus pro- 
duced. Appleman (2), on the other hand, considers the increase in sugars, 
resulting from exposure to low temperature, to be no essential part of the 
after-ripening process in potato tubers. Although a supply of soluble 
carbohydrates is necessary for growth, there is no positive evidence that 
a high accumulation of sugars must occur before growth can begin. How- 
ever, the greenhouse trees did not accumulate sugars and did not grow. 

The starch in all trees was shown to decrease after the fall maximum, 
but not to the same extent under each temperature condition. The greatest 
decrease occurred at the lowest temperature. Presumably the starch was 
converted into sugar, and the accumulation of sugars at low temperature 
is perhaps the result of a retarded rate of respiration. Although enough 
starch disappeared from the greenhouse trees to bring about a high concen- 
tration of sugar, respiration at the greenhouse temperature may have been so 
rapid that sugar could not accumulate. In the pear shoot the difference 
in sugar content between the three sets of material may thus be largely due 
to a difference in the respiratory rate, although it has been shown that the 
disappearance of starch is more marked at the lower temperatures. 

The secondary starch maximum, reported by Fischer (13), Hooker 
(16), du Sablon (11), and others, to occur in the early spring, was not 
found in the pear shoots under any of the temperature conditions. Cam- 
eron (5), using microchemical methods, reports this secondary starch maxi- 
mum in the Bartlett pear to take place in February just before the 
beginning of growth. A secondary starch maximum in leafless trees would 
presumably be accompanied by a decrease in sugars or other carbohydrates. 
Usually the amount of sugar present in the plant is not enough, if all 
converted into starch, to result in the marked starch regeneration often 
reported. Whatever the source of the secondary starch maximum, it ap- 
pears unrelated to the cessation of the rest period, for both storage and 
outdoor trees exhibited the ability to grow without first showing a second 
increase in starch. 

It was previously mentioned that the increase in fat content, reported 
by a number of investigators to take place during the winter months, does 
not appear to be of universal occurrence in all trees subjected to low tem- 
peratures. Apparently it does not occur in shoots of the Bartlett pear 
tree. Niklewski (27) found no supporting evidence of such a change in 
branches of Prunus, Betula, or Tilia under different temperature condi- 
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tions; and Pojarkova (32) has reported an absence of fats in a number of 
deciduous species. It appears that a change in fat content does not always 
accompany the ending of the rest period. 

In so far as the nitrogenous constituents were examined* the results 
agree with the findings of Appleman (2), Muller-Thxtrgau (25), and 
Denny (9), that the cessation of the rest period is apparently not de- 
pendent upon nitrogen transformations. It is not felt, however, that the 
incomplete partition of total nitrogen here effected is adequate for a definite 
conclusion regarding this point. Although no appreciable changes were 
found in the total and amide nitrogen under the different temperature 
conditions, the amide fraction as determined constitutes such a small part 
of the total nitrogen that important changes may have occurred in the 
other forms of nitrogen which make up the large remainder. 

All the constituents of the pear shoot here investigated, with the ex- 
ception of starch, are much more abundant in the bark than in the wood. 
That this is true, also, of total soluble organic materials and electrolytes 
is shown by the freezing point depression and electrical conductivity of 
expressed sap. Not only is the bark richer in food substances, but the 
greatest changes under the influence of low temperature occur here. Per- 
haps this is explainable in that bark has a relatively greater proportion of 
living cells than wood. It is possible that a finer division of tissues, than 
the gross separation of bark from wood, should have been made before 
analysis. Howard (19) believes that the secret of the rest period resides 
in the buds themselves rather than in the cambium or any other tissues of 
the branch. Hodgson (15) found that the breaking of the rest by etheriza- 
tion was accompanied by a disappearance of starch from the buds. 

By means of chemical stimulation, Denny and Stanton (10) have 
awakened individual buds on a shoot without influencing the remaining 
buds. They state that the rest period is not systemic but is localized in the 
buds and that, therefore, any analyses to elucidate the rest period should 
not include other tissues. The fact should be recalled, however, that indi- 
vidual buds can also be awakened by injury to the stem. Injury to the 
bark, such as ringing, notching or bruising, will initiate the growth of buds 
immediately below the injury although these buds, themselves, are not 
touched. The writer inclines to the view that the rest period is systemic 
in the sense that it is common to the meristems of the entire plant whether 
in the bud, stem or root, and that any localized portion of the meristem 
will renew activity -when the conditions either within that portion of 
meristem or in the tissues surrounding it are favorable for growth. 

The theory that enzyme inactivity in the fall is responsible for the 
beginning of the rest period and is the result of high organic accumulation, 
and that enzyme reactivation, when that accumulation has been respired 



430 


PLANT PHYSIOLOGY 


or otherwise removed, initiates growth in the spring, has found favor with 
a number of writers. In this work, however, there seems to be no evidence 
that enzymes could be inactivated in the fall by a high organic accumula- 
tion, or that reactivation in the spring is resumed because of the removal 
of that accumulation ; for in both the fall and the spring there was found 
the reverse of the conditions proposed by the theory as regards accumula- 
tion of soluble organic materials. In the fall, throughout the period when 
the pear shoots were presumably entering the rest period, hexose, sucrose, 
and freezing point depression, which is indicative of the amount of soluble 
material, were relatively low ; while at the time of the cessation of the rest 
period, the accumulation of soluble organic materials was at a peak. The 
accumulation of insoluble substances, such as starch, would be less liable to 
retard enzyme activity. 

Since the changes in composition reported in this work were presumably 
brought about by enzymes, it is interesting, in view of the large temperature 
coefficients for enzyme action, that the most pronounced changes were found 
in the trees held constantly at such a low temperature, while the least 
change occurred in the trees maintained at a high temperature. Although 
differences in the rate of respiration have probably modified the changes 
occurring, certain enzyme activity was apparently greater at the low tem- 
peratures ; for example, the disappearance of starch and also the formation 
of sucrose were greatest at 2° C. Perhaps, within the plant, the chemical 
equilibrium points of various reactions which are catalysed by enzymes 
shift with changes in temperature, or possibly the amounts of enzymes 
produced at the different temperatures, rather than the activity of a con- 
stant amount, may be responsible for the effect. Appleman (2), however, 
reports no difference in the amounts of diastase or invertase activity in 
chilled and unchilled potato tubers, yet marked changes in the carbohy- 
drates occurred. Coville’s concept (6), that the enzymes are separated 
from their substrata by membranes which become more permeable after 
sufficient chilling, appears to explain the results, although it is without 
supporting evidence. 

It is apparent that further work is necessary in order to explain the 
effect of low temperature in bringing about the growth of plants. Several 
other avenues of attack on this problem of the rest period suggest them- 
selves as being of promise. While this work indicates the changes which 
occur, or fail to occur, in a number of plant constituents, it does not pre- 
clude the possibility of important changes in constituents other than those 
investigated. In addition to a more complete analysis than was made in 
this work, the changes which occur in the various tissues might be deter- 
mined. As has been pointed out, it is not known in what tissue or tissues 
the secret of the rest resides and a gross analysis of bark and wood may 
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serve to dwarf changes in some constituents which may actually be signifi- 
cant in a particular tissue. * 

Perhaps some indication as to whether sugars, organic acids, or other 
substances which increase under low temperature, are essential to the 
breaking of the rest, may be gained by introducing them singly or in com- 
bination into dormant trees. The after-ripening of seeds has apparently 
been shortened by treatment with sugars (20) (22) and acids (12). 

In addition to exposure to low temperatures, other methods which break 
the rest period — warm baths, etherization, etc. — could be studied in a 
similar manner to determine their effect on the constituents of the plant. 
Perhaps certain changes in composition would be found common to all 
methods of stimulation. Prom the convergent lines of evidence then avail- 
able a satisfactory conclusion might be reached regarding what internal 
conditions of the plant are essential for the renewal of growth. 

Summary 

1. Dormant Bartlett pear trees were maintained throughout the winter 
and spring months at different temperatures. Some of the trees were kept 
in cold storage at a constant temperature of 2° C. ; others in the greenhouse 
where the temperature was never lower than 16° C. ; still others at the 
variable intermediate temperature conditions outdoors. 

2. Trees kept in the warm greenhouse remained practically dormant 
throughout the year, while those exposed to cold storage and to outdoor 
conditions became capable of growth. The storage trees, which were sub- 
jected to a lower temperature than outdoor trees, were first to finish their 
rest period. 

3. At frequent intervals shoots were removed from the trees for analysis 
in order to ascertain the changes in certain constituents taking place under 
each of the temperature conditions. 

4. The low temperature of the storage and the relatively low outside 
temperature, both of which resulted in a breaking of the rest period, 
brought about the following changes in the composition of the shoots: an 
increase in liexose sugar, sucrose, organic acids, and freezing point de- 
pression of the expressed sap, while starch markedly decreased. Little 
change in these constituents occurred in the trees held in the warm 
greenhouse. 

5. No effect of the different temperature conditions was found in the 
following determinations: non-hexose reducing substances, water-soluble 
polysaccharides other than starch, arbutin, fats, total nitrogen, amide nitro- 
gen, and electrical conductivity of expressed sap. 

6. The changes reported as the result of exposure to low temperature 
have not been established as necessary to the initiation of growth ; however, 
growth did not take place in the absence of these changes. 
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RELATION BETWEEN THE DEVELOPMENT OF ROOT SYSTEM 
AND SHOOT UNDER LONG- AND SHORT-DAY 
ILLUMINATION 


J. E. Weaver and W. J. Himmel 
(with seven- figures) 

Relatively few investigations have been made to determine the factors v 
which affect the relation of the growth of roots to tops. A more exact 
knowledge of the relations between aerial and subterranean plant parts and 
the degree to which these may be modified through cultural practices is of 
great scientific and practical importance. Extensive investigations have 
shown that plants exhibit marked specific and varietal differences with 
respect to relative development of roots when grown under the same en- 
vironmental conditions. Intensive studies on the growth of wheat by 
Weaver, Kramer, and Reed (20) and of certain other plants by Crist 
and Stout (3) have also made clear that there is a persistent tendency 
towards a positive correlation between roots and shoots, increase in size 
of tops being accompanied by increase in size of roots. Although signifi- 
cant variations in the relative distribution of the growth rate of tops and 
roots occur in nature and may readily be induced by change in environ- 
ment, the fact remains that there is a persistent positive correlation in size . 
of tops and roots regardless of the wide variations induced by special 
conditions. 

The maintenance of a proper balance between root and shoot is of very 
great importance. If either is too limited or too great in extent, the other 
will not thrive. The root system must be sufficiently widespread to absorb 
enough water and nutrients for the stem and leaves, which, in turn, must 
manufacture sufficient food for the maintenance of the root system. The 
plant is a biological unit although it is frequently not treated as such. It 
is often mutilated by pruning, cutting or injuring the root system, v fre- 
quently without much regard to the effect upon the remaining portion. 

Jean and Weaver (7), Harris (6), and others have shown that the''' 
general effect of decreased water content of soil, providing enough is avail- 
able to promote moderate growth, is to accelerate root development in 
relation to growth of tops. Low humidity resulting in high transpiration 
gives similar effects. Maximow and Lebedincev (13), Maximow et at 
(14), and Turner (18), have found that plants grown in shade have a less 
extensive root system and a greater ratio of dry weight of tops to roots. 
Moeller (15), Geeicke (5), and Livingston (9) have shown that in sterile 
soils or in dilute nutrient solutions, roots develop extensively in relation to ^ 
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tops and the ratio of dry weight of tops to roots is greatly decreased. Con- 
versely, a generally enriched soil or one with an abundance of nitrates in- 
creases the ratio of tops to roots (6, 18, 3). Chandler (2), for example, 
found that “ while the nitrate has increased both top and root growth, it has 
not increased root growth to as large an extent as it has increased top 
growth. Thus, while the top growth of fertilized trees [peaches] is twice as 
great as that of the unfertilized trees, the root growth is only 50 per cent, 
greater.” As pointed out by Turner (18), the decreased root growth in 
the presence of an abundance of nitrogen may result from a low supply of 
carbohydrates. As regards the roots of seedlings, it has been shown that 
their development is greatly influenced by the nature of the reserve food 
supply in the seed. The more nitrogen a seed contains, the greater is its 
shoot growth as compared to roots. Keid (17) has shown that an abun- 
dance of carbohydrate foods and a somewhat limited nitrogen supply 
promote rapid root development. 

Cultural practices such as pruning the tops, etc., may affect the normal 
correlation between the development of root and stem in a very definite 
manner. Austin (1), for example, reports experiments with 3-year-old 
almond trees where the development of both the tops and root systems was 
inversely proportional to the severity of the pruning of tops. The spread 
of the roots was over one-third greater where the pruning was light than 
where it was severe. 

The preceding data are sufficient to indicate that a plant is a very 
plastic organism and that any factor that influences the development of 
either root or shoot may also profoundly affect the other. The extensive 
researches of Garner and Allard, which have since been supplemented by 
those of several other investigators, show clearly the profound effect that 
the period of daily illumination exerts upon the vegetative and reproductive 
activities of plants. However, so far as the writers are aware, relatively 
little attention has been given to the effect upon the root systems. Garner 
and # Allard ( 4 ) state that ‘ 4 preliminary observations indicate that the 
duration of the daily illumination period may exert a marked effect on the 
relative development of the root and the aerial portions of the plant. For 
example, a cutting of Biloxi soybeans made no top growth at all through 
the winter months and the original leaves assumed a very dark color and 
generally unthrifty appearance. Apparently new buds were unable to 
develop. Upon examination of the underground portion of the plant in 
the spring it was seen that the soil contained a large mass of roots altogether 
out of proportion to the top of the plant, as judged 1 by the usual summer 
growth. Other similar cases have been observed in which a light duration 
unfavorable to aerial development has caused extensive root growth. 
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Growth of root and shoot, therefore, are not necessarily contemporaneous 
with respect to season, and arrested development of the exposed portion of 
the plant caused by suboptimal light duration need not be accompanied by 
checking of root growth / 9 

Under periods of illumination varying from 5 to 24 hours duration, 
Pfeiffer (18) found that the amount of development in the fibrous root 
systems of tomato and buckwheat appeared roughly comparable with that 
of the aerial parts of the same plants. 

Johansson (8) showed that root development, in proportion to the total 
weight of the plant, increased with an increase in light intensity. For 
intensities of 39 and 70 per cent, there is a falling off in the rate of in- 
crease, in proportion to total weight, at 10 or more hours daily illumina- 
tion and for an intensity of 23 per cent, a decrease begins at 12 hours daily 
illumination. 

Lubimenko and Szeglova (12) found that the weight of the roots in- 
creased in proportion to the weight of the whole plant as the length of the 
daylight periods became progressively longer. 

Crist and Stout (3) grew plants in 6-inch pots at East Lansing, 
Michigan. They found in the case of lettuce and radish that shortened 
periods of illumination (6 hours daily) gave a greater ratio of tops to roots, 
based on dry weight, than either the normal length of day in cloudy 
weather of winter or one prolonged 6 hours by means of artificial illumina- 
tion. Moreover, the plants grown under the longest period of illumination 
had the lowest top-root ratios while the short-day plants had the lowest 
actual weight of both tops and roots. 

Undoubtedly the most significant criterion for judging the efficiency 
of root development is measurement of the actual absorbing surface. Be- 
cause of the great difficulties of procedure this has been accomplished only 
in a few instances (20, 19). The method of determining dry weights has 
a twofold handicap. Where roots are grown in the soil it is practically 
impassible to free them completely from adhering rock particles without 
losing some of the roots. But a much more serious objection is encountered 
in the fact that this method when applied to maturing plants gives little 
idea of root efficiency. The woody tissues of a single main root that had 
ceased functioning often far outweighs an extensive network of actively 
absorbing rootlets. Consequently, it was deemed best in these experiments 
to use containers sufficiently large to hold a mass of soil in which the roots 
could develop in a somewhat natural manner. By accurately measuring 
and comparing root lengths and diameters, and the number, size, and de- 
gree of branching, a close approximation to the relative root development 
of plants grown under different conditions was obtained. To check out 
variations within the individual, several plants of each species were grown. 
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Procedure 

In these experiments, the following plants were employed: red clover 
(Trifolium pratense), white icicle radish ( Raphanus sativus ), an iris 
(Iris germanica), common sunflower ( Helianthus annuus ), yellow duke 
dahlia (Dahlia pinnata), great ragweed ( Ambrosia trifida), white Kherson 
oats (A vena sativa ), and an early flowering cosmos ( Cosmos bipinnatus). 
These were grown in heavy galvanized containers, 30 cm. square and 60 
cm. deep, into the top of each of which was inserted a tight wooden frame 
in such a manner that the soil depth was increased 20 cm. The crevices 
were luted with plasticine. The containers were filled with a rich loam 
soil of optimum and uniform water content, which was well screened and 
exceptionally free from partially decayed roots or other debris. The water- 
holding capacity of the soil was about 50 per cent. (Hilgard method) and 
the hygroscopic coefficient 8.2. In filling the containers, the soil was mod- 
erately compacted, and the original water content was maintained by adding 
water from time to time in sufficient amounts to restore the original weight. 
Two containers were used for each species. 

The ragweeds were transplanted from the field in the early seedling 
stage without injury to the root system. Iris was propagated by rhizomes 
1 to 1.5 inches long, carefully selected for uniformity in size, the leafy tops 
being cut back to within 4 inches of the rhizome. The dahlias were grown 
from uniformly selected fleshy roots, and all of the other species from seed. 
After sowing or transplanting, the soil was covered with a fine gravel mulch 
to retard surface evaporation. The dahlias were planted on May 3, cosmos 
and clover on May 5, iris on May 8, and the others on May 16. On May 20, 
one container of each species was placed on an improvised truck so arranged 
that they could be placed alongside of the other containers from 9 :00 A. M. 
until 4:00 P. M. each day and kept in an adjacent, well ventilated dark 
room the rest of the time. Thus, one-half of the plants were subjected to 
a short day of 7 hours’ duration, and the rest to the normal 13- to 15-hour 
day during May and June. 

Results 

Red clover 

The 20 clover seedlings in each container had developed only a single 
leaf per plant when the difference in length of day was imposed upon them. 
Within a week the long-day plants had twice the stature of those of the 
short-day and thereafter differentiation was marked. On June 19, when 
the containers were opened and the roots excavated, the long-day plants 
were 28.4 cm. high and in full bloom but the paler colored short-day plants 
were only 9.8 cm. tall (fig. 1). Leaflets of the short-day plants averaged 
1.75 by 2 cm. ; those of the long-day 2.5 by 3.5 cm. The larger plants had 
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Fig. 1. Long-day and short-day plants of red clover 7-weeks old. The long-day plants 

are in blossom. 


25 leaves each, the smaller ones only 12. The result of this difference in 
photosynthetic surface was clearly shown in the dry weight of tops which 
was 34.1 and 4.1 grams for the two lots respectively. 

Bed clover develops a strong taproot from which major laterals arise 
mostly in the surface 15 cm. of soil. These extend outward more or less 
horizontally or obliquely and then turn downward and penetrate deeply. At 
greater depths the primary laterals are smaller and do not spread widely. 

The taproots on the short-day plants were only 1.5 mm. thick as com- 
pared with 4 mm. for those on the long-day plants. All but one, which 
barely reached the bottom of the container, ended at 62 cm. or above, while 
all those of the larger plants extended to and ran along the bottom of the 
container. The number of major laterals on the proximal 15 cm. of tap- 
root was 3 to 5 per plant, and the total number of laterals was about 40 
in both cases. On the short-day plants, however, very few of these ex- 
tended below the 25 cm. level, a maximum depth of 45 cm. being determined. 
But those of the other group were as large as the taproots of the smaller 
plants and most of them extended much deeper, often running along the 
bottom of the container. The long-day plants alone had root branches of 
the third order. Below 15 cm. depth, laterals on the short-day taproots 
were mostly 1 cm. or less in length while both the main roots and primary 
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Fig. 2. Relative development of root systems of red clover under 15-hours (left) and 7- 

hours daily illumination. 


branches of the long-day plants had developed many rootlets 5 to 10 cm. 
long and some reached a length of 36 cm. and extended to the bottom of the 
container. In fact, the surface 15 cm. of soil of the short-day container 
was much more poorly ramified with roots than the last 15 cm. of the other 
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container. Thus while the general plan of the root systems was the same 
in both cases, roots of the short-day plants, where growth of tops had been 
inhibited, represented a much earlier stage in development than those of 
the well developed plants in blossom (fig. 2). 

Radish 

The radishes were in the cotyledon stage when placed under the two 
conditions. Within a single week the larger leaves and darker green color 
of the long-day plants were very noticeable and when the roots were ex- 
amined at the end of a month marked differences were apparent (fig. 3). 
Although each of the ten plants possessed the same number of leaves, those 
of the long-day averaged just three times as large (1,365 sq. cm.) as those 
of the short-day plants. 



Fig. 3. Average development of tops and fleshy portion of roots of long-day (right) 

and short-day plants of radish. 

The radish is characterized by a rapidly growing and deeply pene- 
trating taproot. Strong, profusely branched laterals arise in the surface 
7.5 to 20 cm. of soil and constitute the major portion of the absorbing 
system, since at greater depths the taproot develops only short laterals. 

The taproots of the smaller plants (fig. 3) were 20 to 75 cm. long, those 
of the larger ones reached greater depths and extended 10 to 15 cm. along 
the bottom of the container. The thread-like lateral roots and their almost 
cobwebby network of branches were of nearly equal abundance in both 
containers in the first 20 cm. of soil. But in the next 25-cm. layer this 
network of branches continued in the long-day plants while in the others 
it was absent and there were few branches except very close to the tap- 
root. At 40 cm. depth, branches from the taproots averaged somewhat 
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mote than twice as long on the larger plants. Even the last 30-cm. layer 
of soil was penetrated at distant intervals by the vertical ends of these 
thread-like surface roots. 

The fleshy portion of the short-day root system averaged 6 cm. long and 
1.7 cm. in diameter; its volume was 58 cc. That of the larger plants was 
12 cm. long and 2.7 cm. thick, and the volume 223 cc. Thus the root system 
of the long-day plants was fully twice as well developed as that of the short- 
day plants. 

Iris 

The five rhizomes of iris placed in each of the two containers showed 
little differentiation of tops until near the time of root excavation on June 
19. The average length of leaves of the long-day plants scarcely exceeded 
that of the short-day but the new leaves were 18 per cent, more abundant. 
They also averaged about 7 cm. longer and 0.4 cm. wider. The total dry 
weight of leaves was 2.7 times as great in the long-day plants. 

The root system of the iris was very simple. It consisted merely of a 
few large roots which penetrated rather vertically downward and branched 
but sparingly. The length and diameter of these roots were carefully 
measured as they were excavated and counts of the number and measure- 
ments of the lengths of the branches were made. On the short-day plants 
the average number of main roots per rhizome was 6 ; on the long-day plants 
9.2. The former were 1 to 2 mm. in diameter, the latter 1.5 to 3. The 
average lengths were 13.1 and 22.3 cm. respectively, and the maximum 
depth of penetration, in the same sequence, 30 and 58 cm. In the short- 
day container, roots were sparse below 20 cm. ; the soil was well filled with 
roots of the long-day plants to 32 cm. in depth. The younger and shorter 
roots were unbranched. Primary laterals became more abundant and de- 
veloped longer branches as the main roots grew longer. Hence, this por- 
tion of the absorbing system was much more fully developed in the long-day 
plants. For example, at 28 cm. depth short-day plants gave off branches 
only 1 to 4 cm. long, while 12 cm. deeper the larger plants had rootlets 4 
to 9 cm. in length which were occasionally rebranched (fig. 4) . 

Sunflower 

Under the long-day illumination the sunflower rapidly developed from 
the cotyledon stage. The short-day plants were yellowish green and dis- 
tinctly retarded -in their development. They were not attenuated. When 
the roots were examined on June 17, the long-day plants had a height of 
74 cm. and a stem diameter of 15 mm. Each possessed 16 leaves and the 
average leaf area was 1,924 sq. cm. (fig. 5). The smaller plants were 19 
cm. tall and the stems 5 mm. thick. There were only 11 leaves per plant 
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and the average photpsynthetic area was only 14 per cent, as great (270 
sq. cm.). 

The sunflower has a pronounced taproot with numerous strong lateral 
branches originating almost entirely in the first few inches of soil. The 
taproots of the short-day plants were 2 mm. in diameter at a depth of 4 
cm. ; those of the long-day plants were 12 mm. in diameter. The former 



Fig. 5. Long-day and short-day plants of dahlia and sunflower about 6 weeks old. The 
larger plants grew under a long-day illumination. The 
containers are 80 cm. deep. 


tapered to a width of only 1 mm. at 15 cm. depth but extended to the bottom 
of the container. Those of the long-day plants were 2 mm. thick at the 15 
cm. level and 1 mm. in diameter where they grew along the bottom of the 
container. The largest branches of the short-day plants were 1 mm. or 
less in diameter and reached a depth of only 28 cm. Those of the long-day 
plants were 3 mm. thick, they were much more abundant, and some reached 
the bottom of the container which was covered with a fairly dense network 
of roots consisting of taproots and the long surface laterals, and the 
branches of both lots. 
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The working level of the primary branches ( i.e . the depth to which most 
of the roots extended and to which depth maximum absorption occurred) 
was 15 cm. in the short-day plants, but 45 cm. in the others. The great 
mass of roots at the working level of the long-day plants, together with their 
greater diameters and longer and thicker branches, was in marked contrast 
to that of the short-day plants. The lateral roots originating below 20 
cm. depth were 12 cm. or less in length in the smaller plants ; on the larger 
ones, the secondary rootlets on the bottom of the container were of similar 
length and development. Below the working level, lateral roots were 
sparse in the short-day container; there was practically none beyond 55 
cm. depth. In the long-day container they were more abundant and of 
larger diameter than were those of the short-day plants between 15 and 55 
cm. depth. Even the last 15 cm. of soil contained numerous rootlets. 

Thus the root development of the short-day sunflowers corresponded in 
every way with that of very much younger plants than those of the long- 
day which had made a normal development. 

Dahlia 

The dahlias were about 5 inches tall and were developing a second pair 
of leaves when the one lot was subjected to the short-day. The two plants 
of each culture developed leaves at about the same rate but by the end of 
15 days the long-day plants were twice as tall and the leaves of a darker 
green color. When taken off on June 17, the average length of stems was 
71 and 26 cm. respectively and the diameter of the stems was almost twice 
as great in the taller plants. The larger plants had begun to branch and 
now had more and much larger leaves. The average relative leaf areas 
were 2,310 and 885 sq. cm. respectively (fig. 5). 

The root system of the dahlia consisted of a number of main fibrous roots 
that arose from the base of the tuberous root. Some of these ran outward 
and upward, branching profusely to near the soil surface ; and still others 
ran vertically downward. In addition, a few fibrous roots arose from the 
top of the tuberous root. 

The number of roots arising from the base of the old, fleshy root was 
the same in both lots, varying individually from 10 to 39. They were 
better developed in the long-day plants where the largest roots were twice 
as thick, and the branches more numerous, larger, and longer. With a 
Single exception, no roots occurred below 60 cm. on the short-day plants 
and the working level was 23 cm. The long-day plants extended their 
roots in considerable numbers quite to the bottom and sometimes along the 
floor of the container. The working level was nearly three times as great 
as that of the short-day lot and roots were much more abundant even in 
the deepest soil than below the 23 cm. level of the short-day plants. More- 
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over, the network of roots that extended above the bases of the tuberous 
roots was very much more pronounced in the soil of the long-day plants. 
Here also this network was found to continue to the working level at about 
60 cm. 

A lot of tuberous roots had developed from the base of the stems above 
the original propagule together with a few much-branched fibrous roots. 
The average number (35) was only slightly greater in the long-day plants 
where the fleshy roots were long and spindling (8.7 x 0.5 cm.) than in those 
of the short-day which were short and thick (5.4 x 1.6 cm.). The total 
volume of the latter (68 cc.) was over 2.5 times that of the long-day plants. 
While nearly all of the thickened but spindling roots ended without branch- 
ing, the fleshy root continuations of the short, thick ones were branched, 
the laterals penetrating widely, and often to the working level. 

Zimmerman and Hitchcock (21) have shown that in certain varieties 
of dahlia, length of day determines the type of root system formed by 
cuttings. Heavy root storage is correlated with a short day and a fibrous 
root system with a long one. 

Ragweed 

The ragweeds had a second pair of leaves at the beginning of the ex- 
periment. Within a week the long-day plants were twice as tall as those 
of the short-day, and, as in all other cases, the latter lacked the deep, dark- 
green color of the long-day lot. By June 27 when the experiment was 
concluded, the four long-day plants had made a vigorous vegetative growth 
and attained a height of 90 cm. but showed no signs of flowering. Those 
of the short-day w r ere only 12 cm. tall and small inflorescences were begin- 
ning to appear. Average stem diameters were 10.6 and 4.1 mm. The 
leaves had three times the length and breadth in the larger plants and the 
dry weight of tops was 7.6 times greater in the long-day plants (fig. 6). 

The root systems of the ragweeds showed almost as marked differences 
as the tops, those of the short-day plants being very poorly developed. The 
strong taproots of the larger plants were about 13 mm. in diameter ; those 
of the smaller ones did not exceed 3.5 mm. Although the thread-like tap- 
roots of the latter extended to the bottom of the container and often ran 
5 to 10 cm. along the bottom, they were poorly developed in comparison to 
the vigorous taproots of the larger plants, which undoubtedly would have 
extended two or three feet deeper. 

Like the sunflower, this species gives rise to strong laterals in the surface 
15 cm. of soil. In fact, these are so vigorous that they often equal the tap- 
root in size and degree of branching. On the long-day plants they were 
frequently 4 mm. in diameter at their origin and many of them extended 
along the bottom of the container. In fact, they were larger throughout 
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Fig. 6. Development of great ragweed at the end of six weeks. The tall plants have 
had daily about 15 hours of light. 

than the taproots of the short-day plants. Major branches of the short-day 
plants were only one-fourth as large, being mere threads which did not 
extend beyond 40 to 60 cm. in depth. Laterals, however, were fairly pro- 
fuse but mostly short and only occasionally of the third order. Laterals 
on the major branches of the long-day plants were very much more 
abundant, several times as long, and often rebranched to the fourth order. 
Even in the center of the container, the secondary branches were as large 
as any of the primary branches of the taproots of the short-day plants. 
Smaller branches from the two lots of taproots varied in about the same 
proportion as those described. 

Only in the surface 15 cm. of soil in the short-day containers were roots 
fairly numerous; at greater depths they were sparse, consisting of the 
thread-like taproots and their short, scattered branches. Conversely, al- 
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most every cubic centimeter of the entire soil of the long-day container was 
thoroughly ramified with roots, those in the upper half being especially 
dense, although great mats of roots also occupied the bottom layers of soil. 

Oats 

Because of an accident to one of the containers, it was necessary to 
replant the oats on June 3. After it was well established, the plants were 
thinned to 35 per container. Final measurements were made on July 19. 
The short-day plants were 32 cm. tall and in the fifth-leaf stage, the long- 
day plants were 53 cm. high, each had 6 or 7 leaves and on some the pan- 
icles were beginning to appear. The dry weight of tops was 4.4 and 11.4 
grams respectively. 

Oats develops a fine, fibrous root system. The primary root system 
consists (usually) of the three seminal roots ( i.e . the primary root and two 
almost equally large laterals) and their branches. The secondary root 
system, which develops later and constitutes the larger part of the root 
mass, consists of numerous adventitious roots that develop from the lower 
nodes of the stem. 

Among the short-day plants only a few roots of the primary system 
extended to the bottom of the container but practically all of those of the 
long-day not only reached this depth but also ran 10 to 15 cm. along the 
floor of the container. The latter were also much more profusely furnished 
with longer branches. Roots of the secondary system did not penetrate 
beyond 13 cm. in the short-day container, but they reached twice this depth 
on the long-day plants. Moreover, actual count showed that they were 
about 4 times as numerous and their branches were longer and well clothed 
with laterals. Thus the roots of the short-day oats corresponded to a much 
earlier stage of development than that shown by the long-day plants. 

Cosmos 

One lot of cosmos was placed under short-day illumination upon the 
appearance of the first leaves. Paler color and retarded growth were 
clearly evident a week later and by June 27 when the short-day plants were 
in full bloom, differences in vegetative growth were marked (fig. 7). The 
seven short-day plants averaged 35 cm. tall, with a stem diameter of only 
2.5 mm. The other seven were 50 cm. high and the stems were 6 mm. 
thick. The dry weight of the stems, in the same sequence, was 1.4 and 10.0 
grams, and that of the leaves 0.6 and 9.6 grams. 

Cosmos has a taproot which penetrates deeply, and develops numerous 
strong laterals in the surface soil. The deeper portion of the taproot is 
well branched but the branches are relatively short. 
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Fig. 7. Cosmos about 60 days old. Those receiving daily light for only 6 hours are in 
bloom. Two of the 7 plants from each container were cut 
and placed in the jars for photographing. 

The main roots of the larger plants were 3 mm. in diameter, and except 
for the limited depth of soil would probably have extended to depths of 
1.25 meters or more. The fine taproots of the smaller plants were no larger 
near their origin, than those of the larger ones at 80 cm. in depth. They 
were scarcely 75 cm. long. On the short-day plants 10 to 12 laterals barely 
1 mm. thick arose in the surface 10 cm. of soil. The longest extended only 
24 cm. and most of them were much shorter. Many of the main laterals 
were unbranched, others had branches a cm. or less in length. The long- 
day plants had approximately three times as many strong laterals, some 
originating at 15 cm. depth. These had twice the diameter and three times 
the number of laterals as those of the short-day. Moreover, the laterals 
were 1 to 5 cm. long and frequently rebranched. Branches from the tap- 
root were sparse and short below 35 cm. depth on the short-day plants. 
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But on the larger plants even at 50 cm. depth they were fairly abundant 
and some were 10 cm. long. The larger taproots branched throughout their 
length. The short, fine taproots of the smaller plants, the smaller number 
and limited extent of the branches, and the smaller number of branch 
orders all indicated an arrested development which corresponded in general 
with the lesser development of the tops. 

Carbohydrate determinations 

The preceding data show that in every case the development of the 
absorbing system was clearly correlated with the transpiring surface. This 
was true for the long-day plants, viz., clover, iris, and oats, which require 
long days for successful flowering and fruiting, as well as for cosmos, rag- 
weed, and dahlia which come into blossom normally only when short days 
occur. The sunflower, which is not materially influenced in time of flower- 
ing by the length of day, at least in medium-high latitudes, likewise showed 
a clear correlation between development of root and shoot. 

Where, as in this experiment, all conditions except that of length of day 
are favorable for growth, it would seem that development of both tops 
and roots would be directly correlated with the rate of food manufacture. 
This is clearly indicated by a series of measurements on the rate of carbo- 
hydrate manufacture in several of the species. 

In these experiments, the photosynthetic activity is based on total carbo- 
hydrate content and upon increase in carbohydrate content of leaves after 
insolation, this being measured as reducing sugars. The photosynthetic 
activity was determined by the picric acid colorimetric method as modi- 
fied by Long ( 10, 11 ). 1 

Photosynthetic determinations were made on the leaves of sunflower, 
radish, and dahlia on June 13 and 15; of the ragweed on June 13, 15, and 
26; and of the red clover on June 26 and 27. All except June 27 were 
bright sunny days. Samples of the plants growing under long-day ex- 
posure were secured at daylight, 9 : 00 A. M., 4 : 00 P. M., and sunset. Those 
from plants under the short-day were taken at 9 : 00 A. M. and 4 : 00 P. M. 
In all instances, care was taken to secure samples from fully grown leaves 
of approximately the same age, that were shaded as little as possible. 

Table I gives the actual amount of sugar per square centimeter in each 
sample, the relative amounts in the long- and short-day plants at 4 .*00 P. M., 
the increase in sugar content during the entire period of illumination, 
and the actual and relative increases between 9:00 A. M. and 4:00 P. M. 
for both sets of plants. 

i These data are from unpublished work by Miss Theodora Klose, to whom a 
detailed outline of the method was furnished by Doctor Long. 
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An examination of the table shows that on both June 13 and 15 the 
daily rate of increase in sugar in the sunflower was considerably higher 
in the long-day plants, and also that greater amounts of sugar per unit 
area occurred in the plants having the longer illumination. 

Photosynthetic tests of the radish show, as in the sunflower, a much 
higher rate of daily increase in sugar content and also larger amounts 
of sugar per sq. cm. The differences are somewhat less on June 15, prob- 
ably owing to differences in the place of selecting samples or in environ- 
ment, but the decrease is consistent in the two species. 

The red clover gave not only the greatest increase in photosynthate of 
any of the plants tested but also the greatest differences between the long- 
and short-day plants. Table I shows a much higher rate of increase in 
sugar content between 9 : 00 A. M. and 4:00 P. M., as well as during the 
entire period of illumination of the two lots of plants. The smaller 
amounts of photosynthate on June 27 are due to the fact that this was a 
cloudy day. 

In contrast to the behavior of the three preceding species, ragweed and 
dahlia under long daily illumination gave no higher rates and, in fact, 
often lower ones, than those under 7-hour daily periods of light. The 
photosynthetic tests on the ragweed on June 13 showed a slightly higher 
rate of increase in the short-day plants between 9 : 00 A. M. and 4 : 00 P. M. 
The total daily increase during the entire period of illumination is, how- 
ever, the same. The actual amounts of sugar at 4 : 00 P. M. are greater 
in the short-day plants than in those of the long-day. The tests on June 
15 are essentially the same except that the total daily increase is greater 
in the short-day plants instead of being equal in the two sets as on June 
13. On June 26 the rate of increase between 9: 00 A. M. and 4: 00 P. M. 
still remained higher in the short-day than in the long-day plants; con- 
trary to the previous results, however, the total increase during the entire 
period of illumination of the long-day plants was greater than the increase 
during the 7-hour period of illumination of the short-day plants. The 
actual amount of sugar at 4 : 00 P. M., moreover, was greater in the former. 
The short-day plants were beginning to flower which, no doubt, resulted in 
rapid use of the photosynthate and perhaps accounts for the low r er actual 
amount of sugar in these plants at this time. The rate of increase re- 
mained higher throughout in the short-day plants. 

As regards the dahlia, table I shows a slightly higher amount of sugar 
at 4 : 00 P. M. in the leaves of the long-day plants than in those of the short- 
day. The rate of increase, however, between 9 : 00 A. M. and 4 : 00 P. M. is 
the same in the two sets of plants. The increase during the 7-hour period 
of light of the short-day is equal to the increase of the long-day plants 
during their entire period of illumination. 
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In interpreting these results it must be kept in mind that the rate of 
increase in these tests represents the balance between the process of photo- 
synthesis on the one hand and those of respiration, translocation, and 
growth on the other. Hence, the higher rate obtained under certain con- 
ditions is not necessarily due to a higher rate of manufacture of materials 
under these conditions but may result in part from a slower rate of res- 
piration, or removal, or growth. 

Garner and Allard have found that there are different optimal light 
periods for maximum vegetative growth, for sexual reproduction, and for 
tuberization, each of which varies with the species. The photosynthetic 
data given above seem to indicate that those plants, such as the radish and 
clover, whose optimal light period for reproduction lies above 12 hours 
(long-day plants) are more active photosynthetically or less active in re- 
moving or using the product under long-day illumination than under a 
7-hour daily light exposure. 

The growth data show that there was a rapidly increasing leaf area for 
photosynthesis and increased water loss in the clover, radish, and sunflower 
under long-day illumination. Notwithstanding the rapidity of growth and 
accompanying high rate of respiration for the necessary release of energy, 
the leaves of these plants showed the highest rate of increase in carbo- 
hydrates under equal periods of illumination. In addition, the extra hours 
of illumination resulted in an additional amount of food for increased 
growth. The demands for an ever increasing supply of water to replace 
that lost by transpiration, together with abundant materials for growth, 
resulted in every case in a root system the extent of which correlated well 
with the development of the tops. Under the short-day illumination less 
food was manufactured, growth of tops was retarded, and the root system 
was correspondingly abbreviated. 

It seems that the dahlia and ragweed when grown under a long daily 
period of illumination, use the entire product of photosynthesis in pro- 
moting vegetative growth, the balance between the transpiring and absorb- 
ing system being well maintained. Under short-day illumination the dahlia 
accumulates a much greater relative amount of material in its fleshy roots. 
As pointed out by Garner and Allard ( 4 ), this accumulation obviously 
indicates an excess of carbohydrates over current consumption. This sur- 
plus of carbohydrates is not due to increased photosynthetic activity but 
rather to the inability of the plant to utilize the carbohydrate, whether it 
be present in relatively large or small quantity. Since this portion of the 
food is not utilized by the growing plant, the result is a decreased extent 
of both root system and above-ground parts. The case of the ragweed is 
not quite so clear. It is a well established physiological fact, however, that 
respiration is high during the period of anthesis and much of the photo- 
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synthate furnished by the meager leaf area was undoubtedly used in sup- 
plying energy for this process. This interpretation is in agreement with 
that of Garner and Allard (4) who conclude < ‘that the duration of the 
daily illumination period not only influences the quantity of photosynthetic 
material formed but also may determine the use which the plant can make 
of this material.” 

Nightingale (15a) has shown that radish, salvia, buckwheat, and soy 
beans were limited in the synthesis of nitrates to other forms of nitrogen by 
a 7-hour day. Associated with relatively little assimilation of nitrates was 
an accumulation of carbohydrates within these plants when they were sub- 
jected to short-day illumination. Carbohydrates accumulated in the short- 
day plants, presumably because there was relatively little utilization of 
them in the synthesis of nitrates to other forms of nitrogen. 

Summary 

The relative development of roots and tops of eight species of plants 
grown under 7-hour and 15-hour daily illumination respectively, was de- 
termined. The plants were grown for about 7 weeks in soil in containers 
30 x 30 x 80 cm. in size, which permitted of rather normal root development. 

Eed clover, radish, iris, and oats, all long-day plants as regards flower- 
ing, developed large tops and proportionately extensive root systems when 
subjected to the 15-hour day. Under short-day illumination the growth 
of both tops and roots was greatly retarded and approximately to the same 
degree. Their development was similar to that of the long-day plants 
when the latter were only 3.5 weeks old. 

Sunflower, whose time of flowering is less modified by the length of day, 
developed in a manner similar to the preceding species. 

Dahlia, the great ragweed, and cosmos are short-day plants. They at- 
tained their greatest size and greatest root development under the 15-hour 
day. Under short-day illumination the dwarfed tops were furnished with 
a correspondingly meager absorbing system, although more food was ac- 
cumulated in the short-day dahlia. Thus in all cases development of the 
root systems was in direct correlation with the development of tops. 

The effect of length of daily illumination upon photosynthetic activity 
showed that red clover, radish, and sunflower are either more active in 
photosynthesis or less active in removing or using the product under long- 
day illumination than they are under a 7-hour day. Great ragweed and 
dahlia were found to be more or less equally active photosynthetically 
under the two light periods, or less active in removal or use of the products 
under short-day illumination. 

Department op Botany, 

The University of Nebraska. 
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SOME SEASONAL CHANGES IN THE TRACHEAL SAP 
OP PEAR AND APRICOT TREES 

F. G. Andersseni 
(with seven figures) 

The sap in the tracheae of plants has long been known to contain various 
substances derived from the soil or from the surrounding tissues. Most of 
our knowledge of its composition has been obtained by study of the exudate 
(bleeding sap) from wounds during late winter (bleeding season) (Clark, 
4; Schroeder, 23; Hornberger, 11; Moreau and Vinet, 16). This has 
limited the study to a relatively short portion of the annual cycle and to 
comparatively few plants. Qualitative studies such as those of Fisciier (9, 
10) have shown that certain constituents, reducing sugars, occur in the 
tracheae at various times of the year. Dixon and Atkins (6, 7) carried 
out the most comprehensive study on tracheal sap yet reported. They 
obtained sap from tracheae by centrifuging wood from various parts of 
trees at different times of the year. They were able to follow the trend of 
changes in total electrolytes and sugars throughout the year and to estimate 
the concentrations of the sugars. MacDougal (13) has also reported a 
few observations on the sugar content of the sap of pines. 

The principal obstacle to the study of tracheal sap has been the difficulty 
in obtaining the large quantities needed for quantitative work with such a 
dilute solution. The sap has an electrolyte content approximating that of 
tap water, and organic substances are usually equally low. The only meth- 
ods of obtaining the sap outside of the bleeding season have been to centri- 
fuge portions of wood as done by Dixon and Atkins (6) or to wash out the 
contents of the tracheae with water as done by MacDougal (13) and Mason 
and Maskell (15). Neither of these methods is suited to obtaining large 
quantities of sap, and both are liable to give sap which has been altered by 
contamination. An improved method has been described by Bennett, 
Anderssen, and Milad (2) which reduces the liability of contamination 
and allows sap to be obtained from woody plants in quantities adequate for 
quantitative work. 

It seems desirable to extend our knowledge of the composition and 
changes in the tracheal contents. The sap in the tracheae amounts to sev- 
eral per cent, of the weight of a woody stem. Our only accurate knowledge 
of it is limited to the bleeding season, during which period the tree is rela- 
tively inactive so far as the major activities of growth, absorption, trans- 

1 1 take pleasure in expressing my grateful appreciation to Dr. J. P. Bennett for 
his interest and valuable advice throughout this work. 
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piration, food manufacture, and translocation are concerned. Exact knowl- 
edge of the composition of, and changes occurring in, the tracheal sap, may 
aid materially in understanding these activities. The work reported here 
is a preliminary study of tracheal sap from pear and apricot trees. The 
sap was obtained by the gas displacement method ( 2 ) from the main 
branches of three-year-old Bartlett pear and Royal apricot trees growing in 
a heavy clay-loam soil. Each branch extracted consisted of two- and three- 
year-old wood. Extraction was always done within two hours after cutting 
the branches, it having been found that appreciable changes occurred in the 
sap if the branches were cut several hours before use. The branches were 
cut the same time of the day in order to avoid possible diurnal changes in 
the sap. Appreciable diurnal variation was noted by IIornberger ( 11 ) in 
the titratable acidity of sap from bleeding Birch trees. The sap obtained 
in the present work was colorless and clear or slightly cloudy, and of rela- 
tively uniform conductivity throughout the length of each branch. 

Expressed sap, used for comparison with tracheal sap in part of the 
work, was obtained from portions of the same branches used for extraction 
of tracheal sap by grinding the wood after removal of the bark and pressing 
the ground tissue under a pressure of 400 kg. per sq. cm. The expressed 
sap thus obtained was clear but highly colored. 

Buffer value and reaction of sap 

Titration curves shown in figure 1 were prepared for tracheal and ex- 
pressed sap of the Bartlett pear. Fresh 5-ml. portions extracted May 16 
were titrated with 0.02 N H 2 S0 4 . The reaction of tracheal sap was deter- 
mined colorimetrically, that of expressed sap electrometrically. From the 
curves it may be seen that the buffer value of expressed sap was about 25 
times that of tracheal sap at the middle of May. The buffer value of both 
would doubtless vary during the year. 

The low buffering of tracheal sap shows that extreme ('are must be exer- 
cised in determining its reaction. Contamination during extraction with 
very small amounts of vacuolar sap or other cell contents, or losses of dis- 
solved gases might markedly affect it. Especial care was taken that all con- 
tamination from the cut surface of the wood through which the sap emerged 
was washed away before samples were retained for use. This was accom- 
plished by determining the conductivity of succeeding ml.-portions of the 
sap as it was collected and discarding these until the conductivity became 
uniform. In the gas displacement method the sap is collected in a partially 
evacuated vessel, causing a loss of part of the dissolved gases. The gas of 
chief concern in relation to the reaction of the sap is carbon dioxide. This 
is known to be present in considerable amounts in the gases in the tracheae 
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Fig. 1 . Titration curves of sap of pear branches at the middle of spring. 

(MaoDoitgal, 13 ; Clark, 4 ) and tracheal sap would consequently be rich 
in it. It was not feasible in the present work to attempt to collect the sap 
with its full carbon dioxide content, and the losses during extraction would 
be variable. In order to make the samples comparable they were allowed 
to come into equilibrium with the air. The reaction of the sap as deter- 
mined was then not necessarily the same as it was within the tracheae; but 
the variations in reaction found were due to substances other than carbon 
dioxide. 

The expressed sap with its relatively high buffer value presented no espe- 
cial difficulties in preparation. 

The reaction of tracheal and of expressed sap from pear and apricot 
branches was determined at monthly intervals throughout a year. For each 
reported value sap was extracted separately from six branches, each from 
a different tree, the reactions determined separately and averaged. The 
results are shown in figures 2 and 3. The outstanding features of the 
curves for both apricot and pear is their convergence in the late wdnter and 
wide divergence later. For the pear, fig. 2, the period of approach lasts 
through spring, summer, and fall. During this period the curves are almost 
parallel. For the apricot the divergence of the curves began in midsummer 
and the period of close approach is relatively short. During one-half of 
the year in the apricot and one-third in the pear the tracheal sap was eon- 
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siderably more alkaline than the expressed sap. The maximum difference 
in reaction was in both cases about three-fourths of one pH. The total 
fluctuation in reaction was about 0.6 pH in the expressed sap of the pear 
and 0.7 pH in the tracheal sap, while in the apricot the expressed 
sap changed only about 0.4 pH and the tracheal sap about 1.0 pH. The 
winter divergence in the reaction was then due about equally to changes in 
expressed and tracheal sap in the pear, while in the apricot it was due more 
largely to changes in the tracheal sap. The trends of the curves suggest 
that during the active growing season the reaction of the tracheal sap is 
strongly influenced by that of the surrounding tissues, while during the 
dormant season this influence is absent. It seems probable that the in- 
creased acidity in early spring is due to an increase in organic acids in the 
sap. During the period of renewed growth respiration is very active and 
may result in a general increase in the concentrations of organic acids pres- 
ent in the tissues. Hornberger (11) found that the titratable acid in 
“bleeding” sap increased during the blossoming period and later decreased. 

Inorganic constituents 

It has long been known that the tracheal sap obtained from bleeding 
plants contained salts. Sachs (22) detected the presence of K, Ca, P0 4 , 
and S0 4 . Hornberger (11) studied quantitatively the exuded sap of the 
Birch and Hornbeam and determined the amounts of Na, Ca, and Mg pres- 
ent. Pfeffer (18) pointed out that the composition of the sap is not con- 
stant. The study of bleeding sap, of course, gives a very incomplete picture, 
leaving the composition and changes in the sap during most of the year 
entirely unknown. The most comprehensive investigation of tracheal sap 
is that of Dixon and Atkins (6, 7) mentioned previously. The contamina- 
tion of the sap by materials from the injured cells at the cut surface of the 
branch during the extraction of tracheal sap by the centrifuge method makes 
it seem probable that the results of Dixon and Atkins are somewhat too 
high. 

Total electrolytes 

The specific resistance of the sap was determined at monthly intervals 
throughout the year. The sap used was of the same lots as used in the 
determinations of reaction. Each value reported was the average of six 
determinations, each on sap from a single branch. The results are presented 
in figures 4 and 5. Both kinds of trees showed a minimum concentration 
of electrolytes during the dormant season, the pears at about midwinter and 
the apricots at the time of leaf fall. From very early spring there was a 
very rapid increase in concentration, reaching a maximum at or shortly 
after full bloom ; after this maximum there was again a gradual decrease in 
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Ohms 



concentration through the summer. The results in general agree with those 
of Dixon and Atkins (6, 7) and of Schroeder (23). 

The rapid increase in concentration in early spring may have been due 
to the action of one or more of several factors : the increase occurred at a 
time when the differentiation of tracheae was beginning, and the contents 
of such cells became part of the transpiration stream; at the same time the 
rate of respiration was increasing and the resultant hydrolysis and oxida- 
tion of cell constituents may have increased the concentration of diffusible 
ions in the parenchyma surrounding the tracheae, thus favoring the diffu- 
sion of more ions into the vessels. It. is also possible that the permeability 
of the protoplasts may have increased during this period of increased activ- 
ity, allowing an influx of solutes from the concentrated sap of the paren- 
chyma cells into the tracheae. The roots were also actively growing at this 
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Fig. 5. Specific resistance of tracheal sap from apricot branches. 

period, and a rapid absorption of ions from the soil solution would pre- 
sumably be reflected in the concentration of the tracheal sap. 

At or shortly after the blossoming season the leaves began to develop, 
and transpiration became more and more rapid. This would apparently 
cause a relatively greater intake of water than of salts, and result in a large 
dilution of the electrolytes in the transpiration stream. During the summer 
a decrease of root activity would further reduce the salt intake while the 
transpiration remained large. The decrease in concentration of electrolytes 
may be found to continue into early winter, if the tracheae have not yet 
reached their maximum water content by the time all the leaves have been 
shed. 

The irregularities in the curves seem to be related, to a certain extent, 
to moisture conditions of the atmosphere and the soil. During rainy 
weather or just after an irrigation the concentration of the tracheal sap was 
generally less than during a dry period. Temperature changes also may 
exert some effect in this respect; Moreau and Vinet (16), working with 
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bleeding sap of the vine, found a fall in temperature to be followed by a 
decided increase in concentration of the sap. 

Individual inorganic constituents 

These were determined in the tracheal sap of the pear only at two times 
in the year at approximately the points of lowest and highest total concen- 
tration of electrolytes as indicated by the curves. Large amounts of 
tracheal sap were collected from pear branches on November 10, and on 
May 10 following. 

The methods used in analyzing the sap are briefly indicated in the fol- 
lowing : 

Ca, Mg, and K were determined on the same sample, using 150-200 ml., 
depending upon the season. The Ca was determined as calcium oxalate, the 
Mg as MgNH 4 P0 4 and the K as K 3 PtCl 0 . 

The sulphate was determined as BaS0 4 in 100-150-ml., and the Cl as 
AgCl in 150-200-ml. samples. Phosphate was determined by a modification 
of the colorimetric method of Atkins (1) in 0.2-25.0-ml. samples. For Fe 
a slight modification of the colorimetric method of Marriott and Wolf ( 14 ) 
was used on 50-100-ml. samples. 

An analysis of a 1 : 1 water extract of the soil on November 10 at 18 
inches and at 36 inches deep was made by the same methods. The results 
are shown in table I. 


TABLE I 

Inorganic constituents in tracheal sap of pear and in the soil extract 



Depth 

Soil extract 
November 10 

Tkaciieal sap 
November 30 

Tracheal sap 
May 10 


inches 

ppm . 

ppm . 

ppm . 

Ca 

18 i 

38.0 

16.6 

84.7 


36 

7.5 



Mg 

18 ! 

7.2 

0.8 

23.5 


36 

5.4 



K 

18 

140.9 

23.6 

59.6 


36 

230.0 



Fe 

18 

1.8 

1.0 

! 2.1 


36 

1.0 



S0 4 

j 18 

37.2 

8 3 

31.8 


36 

30.0 



Cl 

18 ! 

14.0 

3.2 

4.5 

; 

36 

9.5 



P° 4 

18 

1.0 

10.6 

25.2 


36 

trace 





ANDERSSEN : PEAR AND APRICOT TREES 


467 


Without exception there was a very marked increase in concentration 
between November and May of the substances determined. Several of the 
ions on May 10, Ca, Mg, and P0 4 , even far exceeded the concentration in 
the soil extract. Unfortunately a soil extract on May 10 was not obtained. 
Probably the concentration of the soil extract in the spring was higher than 
in November, but whether the difference would be closely related to the 
difference in sap concentration remains to be determined. 

In the case of phosphate there appears to be an immediate source other 
than the soil for the relatively large amount found in the sap in the spring. 
The results of phosphate determinations at monthly intervals are shown in 
table II. The phosphate content in pear sap increased to fifteen fold be- 
tween February 10 and May 10. This relatively large increase in concen- 
tration of an ion relatively low in concentration in the soil suggested the 
possibility that much of the phosphate present in the sap may have come 
from the surrounding tissues. This suggestion was more strongly sup- 
ported by examination of apricot sap in which the increase from January 
3 to March 30 was 171 times. 


TABLE II 

Phosphate content of tracheal sap 


Date 

Pear 

! Date 1 

Apricot 


ppm. 

i 

ppm. 

Aug. 10 

12.7 



Sept. “ 

11.6 

t 


Oct. “ 

6.9 



Nov. “ 

10.4 

■ 


Dec. ‘ * 

2.3 



Jan. “ 

1.8 

Jan. 3 

0.9 

Feb. “ 

1.8 

Jan. 31 

10.7 

Mar. “ 

1.7 

; Mar. 1 

74.0 

Apr. * * 

| 22.5 

Mar. 30 

154.0 

May * 1 

| 25.2 

| Apr. 30 

37.5 


It is definitely known that phosphorus is utilized during the synthesis 
of starch, proteins and perhaps other complex substances, and that on 
hydrolysis of such substances the phosphorus may again be set free as phos- 
phate. Northrop and Nelson (17), making a quantitative study on phos- 
phorus content of starch, showed the presence of 0.6 per cent, of phosphorus, 
95-97 per cent, of which is in organic combination. 

Further evidence favorable to the view that the above increase in phos- 
phate may be due, at least in part, to release from an organic source was 
found by Cameron (3) in some carbohydrate studies on citrus trees; the 
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evidence seemed conclusive that as the amount of starch in the wood in- 
creased through the season the amount of P0 4 extractable with water 
decreased. It seems jirobable, then, that part of the phosphate content of 
the tracheal sap may have come from the surrounding cells in which stored 
starch was being hydrolyzed in the late winter. 

Organic constituents 

Free reducing substances and sugars 

Determinations of the reducing power, before and after inversion, of the 
sap from the pear were made on the same lots of sap used in following the 
total electrolytes. Each point on the curves represents the average of six 
determinations. The picric acid colorimetric method essentially as de- 
scribed by Willaman and Davison (25) was used in determining reducing 
power. The method was found to give very consistent results, and was well 
adapted to this work because only 2 ml. of sap was required for each deter- 
mination. The results are shown in figure 6. The designation “free 
reducing substances” is used instead of sugars, because it appears highly 
probable that not all the reducing substances present were sugars; but 
sucrose appears to be an accurate designation for the inversion product, 
because the same values were obtained when hydrolyzing with picric acid 
according to the cited method (25), as with invertase. 

The most striking fact shown by the curves is the very marked increase 
in both reducing substances and sucrose shown during very early spring. 
Then the sucrose rapidly fell to practically zero shortly after full bloom. 
The reducing substances continued to increase at first, seemingly at the ex- 
pense of the sucrose, up to a maximum at full bloom, and fell exceedingly 
rapidly to zero within the next month. There was a period of two to three 
months in summer during which the sugars were present, if at all, in inde- 
terminable amounts. In early fall there again appeared a moderate amount 
of reducing substances and a small amount of sucrose. From this time on 
both the curves slowly rose through winter until they again reached the ver- 
nal maximum. 

Dixon and Atkins (6, 7) also report finding a great increase in sugar 
content in early spring. In the deciduous and in the evergreen trees used 
by them, the suerdfee more often exceeded the reducing substances. Their 
reducing substances at the vernal maximum consisted of hexoses and mal- 
tose; later in the season the maltose was absent. Fischer (9, 10), using 
microchemical methods, found a similar accumulation of reducing sub- 
stances in the tracheae at the time of blossoming. Sohroeder (23) found 
in the exudate from a tapped Birch tree within a period of seven weeks 
from early to late spring, a great decrease in concentration of sugars. 
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Pig. 6. Pree reducing substances and sucrose in tracheal sap from pear branches. 

MacDougal (13) reports the presence of appreciable amounts of reduc- 
ing substances in sap extracted from the wood of Monterey Pine. The 
method of obtaining sap was essentially that of water displacement described 
by Bennett, Anderssen, and Milad (2). An aqueous solution of dye was 
forced through the stem under a pressure of less than one atmosphere. The 
extractions reported were from June to October and show quite wide varia- 
tions in sugar content. Since no mention is made of precautions taken to 
exclude such sources of error as mixture with the displacing water which 
may forge ahead of the dye (Ewart, 8; Priestley and Armstead, 20), or 
with substances from injured cells around the point of extraction (Ben- 
nett, Anderssen, and Milad, 2), it is not clear that the variation in sugar 
content reported is not in part a result of the conditions of extraction. A 
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similar result would ,arise in extraction of sap by the centrifuge method of 
Dixon and Atkins (6) and in the obtaining of “ bleeding' ’ sap. 

Priestley (19) and Priestley and Wormall (21) considered it wrong 
to suppose that the great increase in sugar in the trachea in early spring 
arose directly from the hydrolysis of starch; they believed that it came 
from the contents of cells differentiating into vessels. However, the great 
increase in sugar content found in the present work took place so early 
in the spring that one can scarcely consider differentiation to have been 
rapid enough to account for it. Furthermore, in late spring differentiation 
of cells into vessels was undoubtedly taking place much more rapidly, so 
that, even though the transpiring surface and the rate of the transpiration 
stream had simultaneously increased, one might have expected at least 
determinable amounts of sugars from this source to be found in the tracheal 
sap. It has also been determined that the time when the sugars drop to a 
minimum is, likewise the time when the starch has been completely hydro- 
lyzed and has disappeared from the more active outer section of the wood 
(10). It seems that, in the pear, the sugar content of the tracheal sap 
bears a close relation to the disappearance of starch. 

Nitrogenous constituents 

The total nitrogen present in the tracheal sap was found to consist 
almost entirely of organic nitrogen. Nitrate could be detected with the 
diphenylamine reagent only after concentration of the sap. On November 
10 the sap contained 60 ppm. of total nitrogen, and on May 10 163 ppm. 
of which 110 ppm. were present as amino nitrogen by Van Slyke’s method 
and 49 ppm. as amide by the method of Sachsse. There was apparently 
very little or no protein present. Schroeder (23), however, found as high 
as 33 ppm. of heat-coagulable protein in the sap of the Birch in April. 

Total solids 

The usual Beckmann apparatus was found unsatisfactory for determin- 
ing total concentration of solutes on account of the dilution of the sap. 
Determinations of refractive index at 25° C. were made with an Abbe’s 
refractometer on the same sap as was used for electrical conductivity 
measurements. The data are represented in figure 7. It could not be 
expected to correlate these curves for total solids with those for total 
electrolytes, reducing substances and sucrose, because there are apparently 
other substances present for which analyses were not made. Thus, it has 
been found in the sap bleeding from a vine that the amount of organic 
acids present exceeds the total amount of all other organic substances (21). 
The higher values of refractive indices during the winter months coincide 
roughly with the increased amounts of organic and inorganic constituents 
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Fig. 7. Refractive indices of tracheal sap from pear (upper curve) and apricot branches. 

found in the sap during that period. But the general lack of parallelism 
between the curves for refractive indices and those for total electrolytes, 
reducing substances and sucrose indicate that other substances than these 
were affecting the results. 

It is not possible to compare these results directly with those obtained 
for other deciduous trees, Acer macrophyllum and TJlmus campestris, by 
Dixon and Atkins (6, 7), since they determined the freezing point de- 
pression of the sap which is dependent upon the total solutes. They report 
a low osmotic concentration during late autumn and winter, whereas the 
pear and apricot both showed an increase in total solids in winter. This 
taiay be a difference shown by the different plants used, or it may quite 
possibly be due to the methods employed. 

Radial distribution of sap constituents 

Strasburger (24) and later Dixon (5) pointed out that the interpreta- 
tion so often given to ringing experiments rests on the assumption that it 
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is possible to ring a, branch without causing injury to the tracheae of the 
ring of wood adjoining the cambium and bark. Even though the ring of 
bark may be removed without direct] y injuring the tracheae, the wounding 
and exposure to the air is sufficient to cause injury, resulting in the clog- 
ging of such tracheae with air and gums. Furthermore, the outer tracheae 
are considered to be the most important in the transport of solutes up the 
tree, so that interference with the flow through these would be sufficient to 
retard or prohibit growth of buds above the ring, or to cause the starvation 
of the tree as a whole when the trunk was ringed. Because of the diver- 
gence of opinion on this matter, it was considered of interest to actually 
determine the difference in concentration of the sap collected from the 
outer tracheae and of that from the inner tracheae. 

The method of the extraction of the sap is the same as that referred to 
earlier (2). When the branch was prepared as described there, a sharp- 
edged metal tube, about 1 inch long, was driven into the peeled end of the 
branch. The tube selected was of such a diameter as to include all of the 
cross-sectional area of the branch except the outer annular ring. During 
the extraction, the sap from the inner rings of wood was led by the metal 
tube into one collecting vessel while that from the outer ring dropped 
directly into another vessel. As in the previous extractions, the first few 
cubic centimeters collected in the tubes were discarded on account of con- 
tamination. A few of the results obtained by this method on pear branches 
are shown in table III. 

TABLE III 

Kadial distribution or SAP constituents in the pear 


Date 

pH 

Free reducing 
substances 

Total reducing 
substances af- 
ter HYDROLYSIS 

Specific resis- 
tance 



Outer 

1 Inner 

Outer 

Inner 

Outer 

Inner 

Outer 

Inner 





ppm. 


ppm. 


Olims. 

Ohms. 

Feb. 

24, >27 

6.3 

6.6 

180 

none 

350 

trace 

4320 

6550 



6.2 

6.5 

160 

none 

450 

trace 

3590 

9520 

April 

4, '27 . 

5.9 

6.2 



409 

trace 

2370 

5000 



5.8 

' 6.1 



500 

trace 

2240 

5030 

May 

9, '27 

5.3 

5.5 

132 

1 none 

409 

none 

| 1615 

2420 



; 5.3 

5.5 

200 

| none 

! 

240 

none 

1640 

2380 


Branches 3 years old were used for the results reported in the table in 
order to obtain large amounts of sap. However, similar results were ob- 
tained when one-year-old shoots of the previous season’s growth were used. 
In this latter case the shoots had a diameter of 1 to 1.5 centimeters, and the 
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area enclosed by the metal tube comprised about half of the cross-sectional 
area of the shoot. 

Nitrogen determinations were also made on outer and inner tracheal 
sap from 3-year-old branches on April 4. The outer sap contained 65.5 
ppm. while the inner sap contained 26 ppm. of total nitrogen. 

The specific resistances in table III show very definitely that the sap 
in the outer tracheae is much more concentrated in electrolytes than that 
in the inner tracheae. The concentration of the sap obtained from the 
inner or outer tracheae by the above method will undoubtedly depend upon 
the fraction of the whole cross-section which is being considered as inner 
or outer tracheae. This may possibly account for the differences found 
among different branches taken on the same date. 

MacDougal (13) reports differences in the sugar content of sap 
extracted from the different annual rings of the Monterey Pine. The 
results reported in this paper are in general agreement with those of 
MacDougal; a more concentrated sap was obtained from outer than from 
inner annual rings. MacDougal *s extractions were made from June to 
October while the pear saps were extracted from February to May. While 
too few data are available for compaiison of these results, it may be briefly 
pointed out that the sugar concentrations found by MacDougal in pine sap 
were usually very much higher than those found in pear sap, and that a 
much wider variation of concentrations was reported for the former. It 
does not seem probable that pine sap in the summer season would be so much 
more concentrated in sugar and free reducing substances than pear sap in 
the spring. Dixon and Atkins (7) did not find any greater concentrations 
of sugar in the tracheal sap of evergreens than of deciduous trees. It is 
suggested that much of the reducing substances found by MacDougal came 
from the injured living cells adjoining the bored hole through which the 
sap was extracted. As pointed out by Bennett, Anderssen, and Milad 
(2) this injured surface has a very marked effect on its sugar content. 

With regard to the sugar and free reducing substances it may be seen 
that the outer tracheae contained practically all of these throughout the 
period of observation. When all the sugar was found in the outer tracheae 
during early spring, it was thought possible that the situation might become 
reversed in late spring, when all the starch in the outer ring would have 
been hydrolyzed and the starch from the inner lings would be rapidly 
hydrolyzing. This was not found to be the case ; on May 9 sugar was found 
only in the outer tracheae after starch had completely disappeared from the 
outer ring of wood. This fact seems to show that the starch in the inner 
rings, when hydrolyzed, does not pass into the adjacent tracheae but is 
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transferred along the medullary rays towards the outer tracheae into which 
it is delivered. 

The sap from the outer tracheae is also invariably more acid than that 
from the inner. This seems probably related to the fact that the outer tis- 
sues are the younger and more active metabolically and are close to the very 
active cambium and layers of differentiating cells. 

Summary 

1. The preliminary data reported in this paper include determinations 
of buffer value, reaction, content of electrolytes, individual inorganic con- 
stituents, free reducing substances, sucrose, nitrogenous compounds, and 
total solids in tracheal sap of pear or apricot branches at various times dur- 
ing the year. The radial distribution in tracheal sap of acidity, total 
electrolytes, and free reducing substances before and after inversion is also 
shown for pear branches during the early spring. 

2. The buffer value of tracheal sap at the middle of spring was found 
to be about one twenty-fifth that of expressed sap from the same tissues. 

3. Tracheal and expressed sap reached maximum acidity in early spring, 
then fell gradually to minimum acidity in winter. The change from mini- 
mum to maximum acidity in early spring was very rapid and coincided with 
the resumption of growth. 

4. Total electrolyte concentration and increased acidity of the tracheal 
sap ran parallel. The lowest concentration occurred in winter, followed 
by a very rapid increase in early spring, at the time of growth resumption. 
A gradual decrease took place during the summer and fall. 

5. Individual inorganic constituents in the tracheal sap showed a large 
increase in concentration from early winter to early spring. 

6. Phosphate in the tracheal sap showed a very large increase between 
late winter and early spring. It is suggested that this increase is due in 
large part to phosphate set free in the hydrolysis of starch. 

7. Free reducing substances and sucrose showed a high concentration in 
late winter and early spring, a rapid decrease in late spring, an indeter- 
minable low amount during summer, and a gradual rise during fall and 
winter. 

8. The total solids, determined refractometrically, were found to rise 
during the winter months and decline during the spring, and then remain 
at a relatively uniform level during the remainder of the year. 

9. The free reducing substances and sucrose were found to be limited 
to the outer annual ring in three-year-old pear branches during late winter 
and spring. Total electrolytes were about twice as concentrated in the outer 
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annual ring as in the inner rings. The sap from the outer annual ring was 
more add than that from the inner rings. 

Division or Pomology, 

Univkhsitt or Calitobnia. 
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PHYSICAL MEASUREMENTS OF THE WINTER WHEAT PLANT 
AT VARIOUS STAGES IN ITS DEVELOPMENT 

Geosob Janssen 
(with four figures) 

Introduction 

Winter hardiness of the wheat plant has in the main been associated 
with the hereditary characters of the plant. This is evidenced by the results 
of comparative winter wheat variety tests conducted at various experiment 
stations. It has been noted that modifications of this winter hardiness 
factor can be brought about by subjecting the same plant to different en- 
vironmental conditions. This is evidenced by the work of Chandler (1), 
Rosa (18), Salmon (20), and Newton (14). In view of these results it 
might be expected that plants of the same variety of wheat, but having 
attained different stages of seedling development would respond differently 
to freezing temperatures. With this in mind a study was made of: (1) the 
effect of rate of thawing of frozen wheat plants at various stages of seedling 
growth; (2) the variations in sap concentration of winter wheat plants that 
had reached various degrees of development, as a result of periodical fall 
seedings and, (3) the relationship between the sap concentration as mea- 
sured by freezing point dei>ression, actual chemical composition, and winter 
hardiness. 

Method 

This study was conducted on a pure line of Turkey wheat, Wisconsin 
Pedigreed no 2. The wheat plants used for chemical purposes were taken 
from 1/40 acre test plats supervised by Professor B. D. Leith, on the Uni- 
versity farm. The seedings were made on or near the following dates: 
August 15, September 1, September 15, October 1, and October 15. The 
percentages of winter killing were determined for these various dates of 
seeding by making actual plant counts. These percentages of winter kill- 
ing for 1923-1925 are presented in fig. 1. Material for miscellaneous freez- 
ing experiments was started in earthenware pots at the same time the field 
seedings were made. These potted plants were stored at the end of the fall 
growing season in a cool part of the greenhouse until used in the winter. 

Chemical analysis 

All methods of chemical analyses were essentially the same as given in 
another paper (7). 
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Pig. 1. Percentage of winter killing of winter wheat plants which occurred during the 
winter of 1923-24, and 1924-25, on five periodic seedings made 
during the fall season. 

Physical methods 

Samples of plants from which sap was expressed and used for physical 
and chemical analysis were collected and packed in jars surrounded with 
ice. This was done in the field when the collections were made. The samples 
were always kept cooled to or near 0° C. The extraction equipment was 
cooled in an ice bath previous to the extraction of the sap. The technique 
of expressing the plant sap and the determination of the freezing point was 
that described by Gortner (4). As soon as collections were taken to the 
laboratory, the adhering soil was removed from the roots and the dead leaves 
cut away. The samples were then ground with an ordinary meat grinder 
equipped with a fine bur (peanut bur) which ground the tissue into a very 
fine pulp. Duplicate ten-gram samples were then taken for moisture deter- 
mination. The tissue was further ground in a mortar. After grinding, 100 
grams of the pulp were placed in a suitable cylinder with a two-inch bore, 
which was provided with a piston to which pressure could be applied by 
means of a hydraulic press. A pressure of 35,000 pounds was applied to the 
entire cylinder of tissue, which was sufficient to extract the sap, leaving the 
pulp in a very dry condition. 
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The sap was then centrifuged for five minutes at 22,000 revolutions per 
minute. The depression of the freezing point, total solids, and specific 
gravity were then determined on the centrifuged sap. 

Rates op thawing 

Much work has been done on the rate of thawing (12, 13, 19) of frozen 
plant tissues in an effort to determine whether or not this is a factor in win- 
ter hardiness. West (22) believes that at the freezing point of the plant 
tissue, water passes out of the cells and ice forms in the intercellular spaces. 
In tender fruits and vegetables when thawing occurs slowly this water will 
pass back into the cells if the cell walls are not ruptured. If thawing is 
rapid the water is not taken into the cells and the tissue dies, due to lack of 
water. Muller- T hurg au (13) obtained injury in the pear and apple only 
when he employed rapid thawing. Chandler (1) obtained similar results 
with ripe apples and pears. He found also that slow thawing of lettuce was 
more beneficial than rapid thawing. Wiegand (23) noted no injurious re- 
sults from the rapid thawing of the frozen buds and twigs from several 
species of shrubs and trees. Gardner, Bradford, and Hooker (2) conclude 
that rapid thawing has no serious effect on frozen plant tissue. 

In 1923 and 1924 the writer studied the effect of differential rates of 
thawing frozen wheat plants. Hardened winter wheat plants were taken 
from the field when the soil was frozen. At this time a recording thermo- 
graph registered the soil temperature at -5° C. in 1923 and -20° C. in 
1924 at a depth of two inches below the surface. Blocks of soil two feet 
square and ten inches deep containing about 30 plants, were removed from 
the field to the greenhouse. Four samples each were taken from the plots 
sown on the following dates, namely, August 15, September 4, September 
22, and October 5. The plants in the blocks of earth were thawed out at 
the following temperatures, 33°, 27°, 15°, and 5° C. Recovery data are 
presented in table I. 

As shown in table I, of the plants frozen at - 5° C., only those from the 
third and fourth seedings recovered in excellent condition at all four thaw- 
ing temperatures. Plants from all the seedings responded equally well 
when thawed at 5° C. In practically all cases plants from the second, third 
and fourth seedings, which had been frozen at - 20° C. recovered and lived 
when they were thawed at a temperature of 5° C., as opposed to a total loss 
from all seedings which occurred with higher thawing temperatures. The 
plants in the field from which the above samples were taken survived the 
winter with a minimum of killing, which seems to indicate that under out- 
door conditions the gradual daily increase in temperature, noted by the daily 
temperature chart, allowed these plants to become adjusted to the environ- 
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TABLE I 

General effect on the wheat plant of rapid and slow thawing 
Plants taken in frozen blocks or earth from the field experimental plats ; ani> 

THEN SUBJECTED WHILE THAWING TO TIIE TEMPERATURES NOTED 


Temperature of 

THAWING 

First series 

Second series 

Seeding 

DATE 

1923 FROZEN AT 
- 5° C. 

Seeding 

DATE 

1924 FROZEN 

AT -20° C. 

Recovery 

Recovery 

33° C. 

Aug. 15 

Very poor 

Aug. 

13 

Killed 


Sept. 4 

Fair 

Sept. 

4 

Killed 


Sept. 22 

Excellent 

Sept. 

22 

Killed 


Oet. 5 

; Excellent 

Oct. 

5 

Killed 

27° C. 

Aug. 15 

Poor 

Aug. 

15 

Killed 


Sept. 4 

Excellent 

Sept. 

4 I 

! Killed 


Sept. 22 

Excellent 

Sept. 

22 | 

1 Killed 


Oet. 5 

Fair 

Oct. 

5 

Killed 

13° C. 

Aug. 15 

Good 

Aug. 

15 

Killed 

i 

Sept. 4 | 

Excellent 

Sept. 

4 

Very poor 

l 

Sept. 22 

Excellent 

Sept. 

22 

Very poor 


Oct. 5 i 

Excellent 

Oct. 

5 

3 plants lived 

5° C. 

i 

| Aug. 15 

Excellent 

Aug. 

15 

Killed 


Sept. 4 

> Excellent 

Sept. 

4 

Fair 


Sept. 22 

I Excellent 

Sept. 

22 

Fair 


' Oct. 5 

| Excellent 

Oct. 

3 

Killed 


ment. This adjustment apparently was not possible for plants thawed in 
the greenhouse. 

It is interesting, in connection with these experiments on rate of thaw- 
ing, to note the effect on the plants of a second severe freeze. After the 
plants from the first experiment had recovered and had reached a growth 
condition similar to that existing before the first freezing, they were taken 
from their respective temperature rooms and placed under an air tempera- 
ture of about — 10° C. The plants taken from the room having a tempera- 
ture of 5° C. were not killed by this second freezing, whereas those from 
higher temperatures were killed. This experiment was repeated, using 
plants from sowings made on different dates in 10-inch earthenware jars. 
These jar cultures were then stored late in the fall in a cool pail of the 
greenhouse. The plants remained in excellent condition and were used for 
various experiments at intervals during the winter. In January, eight pots 
from each of the series sown on four dates were placed out of doors where 
the air temperature approximated -20° F. Two representative pots from 
each date series were taken into the greenhouse after 4-hour exposure and a 
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similar two after eight hours. These were thawed at 22° C. The remain- 
ing four pots of each date series were left outdoors until spring. The ex- 
periment was repeated one week later. 

Plants which were taken into the greenhouse and thawed at a tempera- 
ture of 22° C. were killed, whereas those which remained out of doors till 
spring recovered (see fig. 2). Immediately after the plants thawed at 22° 



Fig. 2. Recovery of winter wheat plantB from four dates of seeding (Aug. 15, 
Sept. 4, Sept. 22, and Oct. 5) after having been subjected to an outdoor temperature of 
-20° F. in January, and allowed to remain outdoors until spring. These and other sim- 
ilar plantings were stored in a cool part of the greenhouse where the plants remained 
dormant. In January, when the thermometer registered - 20 F., these and other similar 
series of plants w*ere placed outdoors. At the end of four and eight hour periods several 
series were taken into the greenhouse and allowed to thaw at a temperature of 22° C. 
Those plants taken into the greenhouse were all killed, while the series which remained 
outdoors until spring recovered in excellent condition. 

C. were placed in the warm room, the leaves became flaccid and wilted. 
Moisture appeared on the epidermis and later evaporated, leaving the plant 
in a desiccated condition. The lack of available moisture in the frozen soil 
further tended to reduce the plant to a state of dryness from which it was 
not able to recover. The plants which remained out of doors were later 
covered with a blanket of snow, and remained in this condition until spring. 
The slow daily increase in outdoor temperature caused these plants to be 
thawed slowly. Under these conditions the plants came through the winter 
in excellent condition. It will be seen from fig. 2 that there is little differ- 
ence in the recovery of the plants from the various dates of seeding. 

A specific explanation for the recovery of the plants which remained 
outdoors until spring and the reason for the death of the plants which were 
taken into the greenhouse cannot be given. Work on protein precipitation 
as caused by freezing (3, 7, 21) may be suggestive. Since purified proteins 
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free from salts and acids are not precipitated by frost (10), we would not 
expect precipitation of proteins to occur in plants unless water was first 
removed from the tissue and the concentration of salts and acidity thereby 
increased. It seems that the death of these plants is caused by the loss of 
water, but whether the final result is directly or indirectly attributable to 
this condition cannot be stated. The importance of the role which the carbo- 
hydrate compounds play in protecting the plant against death by freezing 
through their ability to hold water, must not be lost sight of, and the power 
of the colloidal complex in the protoplasm of the plant sap and cell walls in 
reabsorbing the moisture which is lost during the freezing process, cannot 
be disregarded. Although entirely hypothetical, is it not possible to assume 
that in the above experiment, water was removed from the plant cells in the 
freezing process and that this water could have been reabsorbed by the col- 
loidal complex if these plants had thawed slowly? This assumption takes 
for granted that the precipitation of the plant proteins assumed to occur at 
a temperature of - 20° F. was reversible and that the plant would have re- 
covered from the injurious effects of the cold, if it had been placed in an 
environment favorable for reversal. Such a favorable condition would 
account for the recovery of the plants which remained outdoors until spring. 
The plants which were taken into the greenhouse rapidly lost the water re- 
moved from the cells in freezing, which, with the transpiration from the 
leaves, left the plant in a desiccated condition, since no more water could 
be taken up from the frozen soil. Such a condition would tend to produce 
an irreversible state in the precipitated protein due to drying, which would 
not allow rehydration even when moisture became available. 

The above is merely suggestive and certainly needs to be substantiated. 
The plant behavior as previously described is well established and it remains 
to correlate this behavior with known chemical phenomena. Chemical 
analyses have demonstrated that impure proteins are precipitated to a 
greater or lesser extent by freezing, and that carbohydrate compounds act 
as a protection against protein precipitation, or possibly function in the re- 
tention of water. It remains to be determined how these compounds act in 
the plant and how their physiological interchanges affect cold hardiness. 

Physical analyses of sap expressed from plants at various stages 

of development 

Osmotic pressure 

Recent investigations on winter hardiness have centered primarily 
around factors which are correlated with the ability of plants to resist low 
temperatures, with an attempt to obtain some specific index which might be 
employed in determining the hardiness of any given plant. These investi- 
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gations on the indices of hardiness, whether determined by physical or 
chemical analyses, deal largely with those factors influencing the water rela- 
tionship of the plant. The consensus of opinion seems to be that any factor 
capable of retaining the water in the tissue of the plant, tends directly to 
an increased hardened condition of the plant. Rosa (18) considers the 
water retaining power as dependent upon the two forces, osmotic pressure 
and imbibition. These forces may be influenced by other factors. The cor- 
relation of the depression of the freezing point of sap with cold resistance 
seems to be one of the oldest means of attack upon the problems of winter 
hardiness. Lindley (11), Chandler (1), Ohlweiler (16), and Harris 
and Popenoe (6) obtained positive correlations between sap concentration 
and hardiness. Pantanelli (17), Lewis and Tuttle (9), Salmon and 
Flemming (20) and Newton (14) concluded that the depression of the 
freezing point is not an index to hardiness. In a more recent publication, 
Newton (15) concludes definitely that the depression of the freezing point 
is not a true criterion for judging the hardiness of the plant. 

A series of sap concentration measurements was made by the writer dur- 
ing the winter seasons of 1923, 1924, and 1925. The object of this investi- 
gation was to determine if osmotic concentration measurements as deter- 



Jato of Determination 

Fig. 3. Atmospheres of osmotic pressure of sap expressed from winter wheat plant# 
at various intervals during the fall and winter months of 1923-1924. Plant collections 
made from four dates of seeding. 
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mined by the depression of the freezing point could in any way be correlated 
with the resistance of the winter wheat plant to cold. A series of measure- 
ments was made at intervals during the fall and winter season of 1922, 1923, 
and 1924, on sap extracted from plants of different dates of seeding. The 
data are presented in table II and fig. 3. The osmotic pressure of the sap of 
the wheat plant varies considerably, depending on the stage of development 
of the plant. In general it may be stated that for the fall and winter of 
1923-1924 there was first a rise in osmotic pressure in the sap of all the 
plants collected up to December 22, after which it decreased gradually until 
the end of the dormant period, or on the termination of winter. Pig. 3 shows 
a distinct difference in the osmotic pressure of sap from plants grown from 
the seedings on different dates. Expressed sap of plants from the third 
date of seeding had the greatest osmotic pressure throughout the winter, 

TABLE II 

Osmotic pressure, as determined by the freezing point depression of sap extracted 

FROM THE WINTER WHEAT PLANTS IN A SERIES OF ANALYSES MADE DURING 
THE FALL AND WINTER MONTHS OF 1923-1924 
Analyses made on plants from four dates of seeding 


Date collected 

Date of 

seeding 

Osmotic 

PRESSURE 

Freezing point 

depression 



atmospheres 

degrees C. 

December 1 

August 35 

9.875 

0.820 


September 4 

10.120 

0.850 


September 22 

12.410 

1.030 


October 4 

10.360 

0.860 

December 22 

August 15 

13.400 

1.125 


September 4 

14.500 

1.215 


September 22 

14.680 

1.220 


October 4 

13.380 

1.120 

February 2 

August 15 

11.090 

0.930 


September 4 

13.840 

1.150 


September 22 

14.560 

1.210 


October 4 

13.360 

j 1.110 

April 6 

August 15 

10.800 

! 0.980 


: September 4 

13.360 

1.110 


1 September 22 

14.080 

1.170 


! October 4 

12.640 

1.050 

June 14 

August 15 

13.340 

1 1.100 


September 4 

13.100 

1 1.090 


September 22 

12.490 

1.030 


October 4 

12.160 

1.020 
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followed closely in order by the second, first, and fourth seedings. These 
variations seem to be distinct, especially during the dormant period. 

Results on the osmotic concentration of the wheat plant sap from plant- 
ings made in 1924 and 1925 are presented in table III. These data indicate 
the same general rise and fall in sap concentration as in 1923. The data, 
moreover, are too meager to permit conclusions for this year. In the main 
there is no correlation with the previous year’s results. In 1923 there was 

TABLE III 

Range of osmotic pressure as determined bv depression or the freezing point or sap 

EXPRESSED FROM SEEDLING WHEAT PLANTS COLLECTED FROM THE FOUR 
DATES OF SEEDING MADE DURING THE FALL OF 1924 


Date collected 


Date of 

SEEDING 



August 22 

September 3 

September 15 

October 3 


atmospheres 

atmospheres 

atmospheres 

atmospheres 

September 14 

8.817 




September 30 

8.877 




November 6 

13.840 

17.80 

9.25 

5.844 

December 8 

20.440 

21.52 

19.24 

17.320 



of to mi nation. 

Fig. 4. Percentage of total solids in sap extracted from winter wheat plants, taken 
from four dates of seeding test plats at various intervals as designated. Dry matter 
determined with the Abb4 refractometer. 
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a distinct correlation between sap concentration and degree of winter hardi- 
ness (see fig. 1 on winter killing). 

Not in every instance were chemical analyses made on sap used in mea- 
suring the freezing point depression. No doubt such analyses would have 
revealed some interesting facts regarding the actual substances responsible 
for the depression of the freezing point. To gain some knowledge of the 
concentration of the sap, however, the total solids were determined. This 
was done with the aid of the Abbe refractometer, as described by Gortner 
(5) ; but instead of using the sugar scale for the dry-matter reading, the 
total solids were obtained from Gerrling’s table used in determining the 
total solids in sugar house products and given in the Methods of the Asso- 
ciation of Official Agricultural Chemists. This method was checked by dry- 
ing a known quantity of sap in the oven at a temperature of 70° C. A 
comparison of the results is given in table IV. The differences seem to fall 
within the range of experimental error. 

TABLE IV 

Percentage of total solids in sap extracted from winter wheat plants, taken 

FROM FOUR DATES OF SEEDING ON THE TEST PLATS, AT VARIOUS INTERVALS 
DURING THE FALL AND WINTER OF 1923 AND 1924 
Results are given of total solids when determined with the Abb£ refractometer, 
AND WHEN SAP WAS EVAPORATED IN THE OVEN AT 65°-70° C. 




Date of 


Oven at 

DATE COLLECTED 

SEEDING 

Refractometer 

650-70° C. 




per cent . 

per cent . 

December 

1 

August 15 

9.6 

9.50 



September 4 

10.9 

10.26 



. September 22 

16.8 

16.70 



October 4 

10.9 

10.47 

December 

22 

August 15 

13.6 

11.69 



September 4 

16.1 

14.87 



September 22 

17.2 

16.51 



October 4 

12.7 

13.28 

February 

2 

i August 15 

10.8 

10.197 



i September 4 

12.65 

12.393 



September 22 

14.5 

14.000 



October 4 

10.6 

; 10.200 

April 

6 

August 15 

9.70 

j 9.60 



September 4 

10.45 

10.00 



September 22 

13.20 

13.10 



! October 4 

8.90 

8.40 

June 

14 

August 15 

11.05 

11.20 



j September 4 

10.00 

10.20 



1 September 22 

9.80 

8.10 



; October 4 

6.85 

6.45 
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The data for total solids in the sap of plants from various dates-of-seed- 
ing for 1922-1923 are plotted in fig. 4. It will be noted that the total sap 
solids vary directly with the osmotic pressure as indicated in fig. 3. The 
total solids increased up to December 22, and then decreased until the open- 
ing of spring, April 6. 

TABLE V 

; / 

Percentage or total solids in sap extracted from winter wheat plants, taken 
FROM FOUR DATE-OF- SEEDING TEST PLATS, AT VARIOUS INTERVALS DURING THE 

FALL OF 1924 


’ 

Bate or collection 

Bate of seeding 

August 22 

September 3 

September 14 

| October 3 

September 14 

per cent. 

3.3 

per cent. 

per cent. 

j per cent. 

i 

September 30 j 

2.8 


..... 


November 8 .. . .. j 

7.2 

7.6 

5.6 ' 

3.60 

December 8 

7.6 

8.2 

7.4 

5.75 


The 1924 results for sap solids parallel the 1924 data on osmotic pres- 
sure. There is a progressive increase in both total sap solids and osmotic 
pressure as the season advances. The greatest osmotic pressure was ob- 
tained on December 8 from plants of the second date-of-seeding, followed 
closely by the plants of the first, third, and fourth seedings. The 1924 
osmotic pressure data presented in table III, however, show no correlation 
with similar data obtained in the fall of 1923. In the latter year, as noted 
previously, the sap concentration was greatest in plants from the third seed- 
ing followed in order by that in plants from the second, first, and fourth 
date of seeding. These discrepancies may be due to the difficulty of obtain- 
ing complete extraction from young plant tissues. Total sap solids seem to 
be positively correlated with the relative winter hardiness of the plants from 
the various dates of seeding for the year 1923, but no correlation exists for 
the year 1924. 

Chemical composition of sap 

Data on the chemical composition of sap extracted in the manner de- 
scribed under methods are presented in table VI. The composition of the 
residue is also given. The object of this experiment was to determine quan- 
titatively the constituents of the expressed sap which was used for the deter- 
mination of osmotic pressure and total solids. The analyses of the carbo- 
hydrate and nitrogenous compounds of sap extracted from plants from the 
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plots sown on the first date were made on October 3, 2924. It will be noted 
that 0.78 per cent, nitrogen, or 27.86 per cent, of the total nitrogen, was 
recovered in the extracted sap. Table VII gives data showing the sap com- 
position of plants from the four dates of seeding. These data indicate that 
a greater proportion of both nitrogenous and carbohydrate substances are 
recovered in the sap of plants from the early dates of seeding. The per- 
centage of total nitrogen in the sap ranges from 85 per cent, in plants from 
the first seeding, to 35.25 per cent, in plants of the fourth seeding. Simi- 
larly, the percentage of the total sugars extracted with the sap, ranges from 
100 per cent, in the plants from the first seeding to 50.8 per cent, in the 
plants from the fourth seeding. The residue retained a greater proportion 
of both carbohydrate and nitrogenous compounds in young plants. 
Whether more of these compounds are tied up in structural materials in the 
younger plants, or whether the larger proportion of embryonic tissue and 
the smaller amount of vacuolar material in the young plant is responsible 
for the less complete extraction of sap in the latter, cannot be stated. The 
data do indicate, however, that it is the free and available substances re- 
leased through grinding and extraction that determine the osmotic pressure 
and total solids in the plant sap, and that these readily available substances 
differ in character and quantity for the different dates of seeding. Thus 
while the data on osmotic pressure and total solids obtained in 1923 to 
1924 correlate with the relative hardiness of plants from the various dates 
of seeding for that year (see fig. 1), such correlation is not noted in data 
obtained for 1924 to 1925. The lack of such correlation is no doubt due to 

TABLE VI 

Chemical composition (carbohydrate and nitrogen) of sap expressed prom the 

CROWNS OF WINTER WHEAT PLANTS AND THE RESIDUE OF PLANTS FROM DIFFERENT 

DATES OF SEEDING 


Composition of 

SAP 

Composition of 

RESIDUE 

Percentage removed 
through extraction 


per cent. 

per cent. 

per cent. 

Total nitrogen 

0.78 

2.02 

27.86 

Protein nitrogen .. 

0.35 



Filtrate nitrogen 

0.43 



Total sugars 

8.86 

2.80 

75.90 

Reducing sugars . . 

5.54 

1.17 


Sucrose 

2.18 

0.40 


Dextrins 

0.846 

0.95 


Starch 

0.0 

0.35 


Hemicellulose 

0.0 

15.80 


Soluble carbohydrate 

9.706 



32.84 
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several factors, among which may be mentioned first, a lack of correlation 
of hardiness with the soluble carbohydrate and nitrogenous compounds in 
the plant at different stages of growth, and secondly the difference in degree 

TABLE VII 

Chemical composition (carbohydrate and nitrogen) of sap expressed from the crowns of 

WINTER WHEAT SEEDLINGS, AND OF THE RESIDUE OF PLANTS 
FROM DIFFERENT DATES OF SEEDING 


Composition 

Sap 

Residue 

Date of seeding 

Date of seeding 

Aug. 22 

Sept. 4 

Sept. 14 

Oct. 3 

Aug. 22 

Sept. 4 

Sept. 14 

Oct. 3 


per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent. 

per cent . 

Total nitrogen j 

1.70 

1.50 

1.30 

1.10 

0.30 

1.13 

1.57 

2.02 

Reducing sugar 

9.20 

6.86 

4.96 

5.70 


i 

i 

i ! 

| 


Total sugar 

14.52 

13.20 

8.64 

7.56 

0.00 

1.50 

j 5.20 

7.20 

1 

Bextrins 




j 

0.00 

2.00 

1 

| 0.50 

1.00 

Starch . 

! 

1 

i 



0.00 

j 0.00 

j 0.00 

J 0.00 

Heraicellulose 



! 

1 

1 

i 

15.00 

5 16.50 

! 15.30 

1 

! 12.00 


in which the plant tissue releases such soluble compounds with the ordinary 
methods used in the extraction of the sap. The chemical study in relation 
to winter killing is disclosed in detail in another paper (7). 

Summary 

1. The percentages of winter killing of winter wheat plants, determined 
on date-of-seeding plats during the three years 1923 to 1925, inclusive, were 
found to vary with the date of seeding. The secdings were made on or close 
to the following dates, namely, August 15, August 31, September 21, Octo- 
ber 6, and October 19. The average winter killing in the three years was 
found to be greatest in the October 19 seeding, followed in order by those 
of October 6, August 31, and September 21, respectively. 

2. Freezing and rat e-of -thawing tests on plants taken from the datc-of- 
seeding plats show that sudden changes of temperature within a large tem- 
perature range affect the subsequent recovery of the plant. The tempera- 
ture at which the plant grows, previous to freezing, is important from the 
standpoint of the recovery of the plant after freezing. Plants grown at 
high temperatures (33° C.) were killed when subjected to a freezing tem- 
perature of - 10° C., whereas plants grown at a temperature of 5° C. were 
not seriously injured when subjected to - 10° C. Rapid thawing of plants 
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which had been frozen at - 20° C. resulted in their death. Those frozen at 
a temperature of - 5° C. showed no serious injury when subjected to the 
same rapid rate of thawing. 

3. In a series of osmotic pressure determinations of sap made during 
1923 and 1924 on plants from the various dates of seeding, it was found 
that the quantity of sugars and dextrins in the sap determined the osmotic 
pressure; but the relative quantities of these substances taken out of the 
plant tissues with the extracted sap varied with the different dates of seed- 
ing. It is concluded, therefore, that the osmotic pressure measurements of 
sap from wheat plants at various stages of development do not indicate the 
degree of winter hardiness of the plants. 

The writer wishes to express his appreciation to Dr. E. J. Kraus, Dr. 
James Dickson, and Prof. B. D. Leith for their helpful suggestions and 
criticisms given during this investigation. 

Department or Agronomy, 

University or Arkansas. 
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SOME EFFECTS OF CALCIUM DEFICIENCY ON PI8UM SATIVUM 

Dorothy Day 
(with five figures) 

Introduction 

It has long been known that the addition of calcium to the soil has a 
beneficial effect in the growing of crops. Pliny described the chalk wells 
from which chalk was brought up to be spread over the surface of the soil 
of southern England where the land is deficient in lime. Many agricultural 
bulletins emphasize the need of this element, especially in growing legu- 
minous crops. 

In general, the external appearance of the plant has been employed as 
a standard of comparison by many investigators who have considered the 
effect on the plant of many variations in the conditions of growth, in- 
cluding the omission of certain salts from the nutrient solution. 

The literature covering the necessity of calcium for the normal growth 
of plants and animals is vast, s’ Jacob (4) finds that a deficiency of cal- 
cium produces similar results in both peas and beans. He describes the 
plants as somewhat limp and yellowish, with roots little branched, and 
often slimy by the end of the experiment. A recent investigation by 
Cargill (1) shows that peas grown in a complete nutrient solution vary 
markedly in appearance if the ratio of calcium to magnesium is altered. 
In a measure her study has furnished the basis of the present investigation. 

More recently workers have investigated the variations caused in the 
internal structure by alterations of external conditions. Before much can 
be accomplished in this line, it is necessary to study the structure of a 
normal plant, as has been done by Compton (2), who discusses the seedling 
structure of the Leguminosae. Compton gives a fairly clear picture of 
the arrangement of the principal tissues in many of the important forms, 
including the pea. 

Sorokin and Sommer (8) state that the absence of calcium causes 
marked and rapid changes in the root tips of Pisum sativum , variety Golden 
Vine. They conclude that this element is a constituent of the protoplast 
essential for normal mitotic division in the meristematie region. Their 
evidence seems to show that a lack of calcium does not cause disintegration 
of tissues by separation of the cells through the absence of calcium pectate 
as has been suggested by some writers. 

One general conception has been that calcium is important in neutraliz- 
ing the acid in the soil. Doubtless this is not its only function. It has 
been the aim of this study to determine the effect of calcium, not with 
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reference to its r61e in the soil nor at the absorbing surfaces of the plant, 
but as a factor influencing the anatomical structure of the plant. 

Materials and methods 

In this investigation Canada field peas ( Pisum sativum L.) were grown 
in sand cultures in the greenhouse. Pine white Ottawa quartz sand known 
as “ general run,” which Hiker (6) had previously determined to be 
lacking in available essential elements, was used. Earthenware jars, glazed 
to prevent leaching, were employed. All plants were subject to the same 
variations in the conditions of the greenhouse, such as light, temperature, 
and relative humidity. 

Series I 

In the preliminary series the composition of the nutrient solution was 
based upon that used by Cargill (1) in growing peas of the same variety. 
Solutions of the several salts in distilled water were made up in liter 
quantities to serve as stock solutions. These were kept in Pyrex glass 
flasks tightly stoppered with corks wrapped in tinfoil. Prom these were 
compounded the three culture solutions which varied only in their content 
of calcium nitrate. Por the complete nutrient solution (A) there was 
used the proportion which Cargill (1) found to produce the greatest 
weight and the second greatest length for similar peas. Solution B con- 
tained one-half the amount of calcium nitrate present in solution A, w r hile 
solution C lacked it entirely. In each case distilled water was added to 
make 1000 cc. 

TABLE I 

Culture solutions used in series I 


Salts 

Culture solutions, gram per liter 

Pull nutrient 
solution 

Solution minus 

ONE-HALT CALCIUM 

* Solution minus 
calcium 

A 

B 

C 


gm . 

gm . 

gm . 

KNO, 

0.2022 

0.2022 

0.2022 

kh 2 po 4 

0.2723 

0.2723 

0.2723 

KaS0 4 

0.3485 

0.3485 

0.3485 

FeClg * 6HjO 

0.0189 

0.0189 

0.0189 

Mg(NO,) a • 6H 2 0 

0.9115 

0.9115 

0.9115 

Ca(NOg) a ■ 4HsO 

0.4641 

0.2321 

0.0 


On April 3, 1926, four seeds were placed in each of the jars containing 
sand moistened with the nutrient solution to be tested. It was the aim at 
all times to keep the sand well moistened with the respective nutrient 
solution, but an excess was avoided. After two weeks the two most vigorous 
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plants in each pot were allowed to remain while the other two were removed* 
Supports were inserted in the sand and the plants were tied to them. 
Beginning at this time and thereafter once each week, the sand at the top 
was flushed in the evening with distilled water which drained at the bottom 
through a hole uncorked for that purpose. This was repeated immediately 
and the jars were allowed to drain over night. The next morning the 
corks were replaced and enough nutrient solution was added to moisten 
but not to saturate the sand. 

After five weeks one-third of the pots containing solution C (four 
plants) were discarded because of the death of the plants. The remaining 
pots were numbered consecutively. From this time on the complete 
nutrient solution (A) was added to one-half the pots (four plants). The 
others were treated as before. This was continued until all plants were 
harvested on June 14, 1926, at the end of ten weeks of growth. The pots 
containing solutions A and B were treated as before. 

At the time of harvest observations were made as to the external aspects 
of stems and roots. Definite portions of stems, roots, and leaves from each 
plant were fixed in formalin-acetic-alcohol, embedded in parowax, sec- 
tioned, and stained. These sections were compared with similar sections 
of roots and stems grown in the soil under the usual garden conditions* 

Series II 

In the second series one-tenth molar solutions of the several salts in 
distilled water were made up in liter quantities to serve as stock solutions. 
Sodium nitrate was used in addition to these salts employed in series I. 
From these were compounded the seven culture solutions as shown in the 
following table. In each case distilled water was added to make 1,000 cc. 

TABLE II 

Culture solutions used in series II 


Culture solutions, gram per liter 


Salts 

Full nutri- 
ent SOLUTION 

Solutions minus onb- 

HALF CALCIUM 

Solutions minus 
calcium 

A 

B 

D 

F 

C 

E 

Gr 


gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

KNO, 

0.2022 

0.2022 

0.2528 

0.2780 

0.2022 

0.3033 

0.3539 

KH a PO, 

0.2723 

0.2723 

0.2723 

0.2723 

0.2723 

0.2723 

0.2723 

k*so 4 

0.3485 

0.3485 

0.3485 

0.3485 

0.3485 

0.3485 

0.3485 

FeCl, • 6H*0 

0.0135 

0.0135 

0.0135 

0.0135 

0.0135 

0.0135 

0.0135 

Mg(N0.) a *6H*0 ... 

0.6413 

0.6413 

0.6413 

0.6733 

0.6413 

0.6413 

0.7054 

Ca(NO t ) 2 • 6H*0 

0.2362 

0.1181 

0.1181 

0.1181 

! 0.0 

0.0 

0.0 

NaNO* 

0.0 

OX) 

0.4250 

0.0 

0.0 

; 

0.8500 

0.0 
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In solutions A, B, and C the only difference is in the amount of calcium 
nitrate with the proportions of A to B to C, the same as in the earlier 
series, although the amount of calcium nitrate in each solution has been 
decreased. In solutions D and E the same ratio holds, but the nitrate con- 
tent is compensated in chemically equivalent amounts by equal parts of 
sodium nitrate and potassium nitrate. In solutions F and G there is a 
similar substitution of the nitrate, but one-fourth of the nitrate was re- 
placed by magnesium nitrate and three-fourth by potassium nitrate ; there- 
fore there is a substitution for the nitrate radical rather than a molecular 
substitution. 

The peas were first sterilized in a weak formalin solution (1 part in 
250), and rinsed in distilled water. The pots were washed in one and 
one-half per cent, formalin and rinsed in distilled water. On February 8, 
1927, five seeds were placed in each of the jars containing sand moistened 
with the nutrient solution. Six jars were used for each solution. After 
two weeks all plants in each pot were removed except the two most vigor- 
ous ones. Supports were inserted for each plant. Beginning at this time 
the pots were flushed with distilled water and refilled with the nutrient 
solution as in the preliminary series. 

At the end of five weeks' period of growth, observations were recorded 
as to the general appearance and height; the measurement was from the 
cotyledons to the top of the plant as it was growing. The plants were 
harvested as in the preceding series except that only one from each pot 
was fixed. This material was treated as in the earlier series. For the 
second plant green weight and dry weight determinations were made for 
shoots and for roots, and the material was saved for calcium analyses. 

Prepared sections of roots and stems were studied microscopically and 
were compared as in the preceding series. ,ln addition, the actual area 
of each of several tissues in every cross section of a stem or root was 
calculated. 

Results 

External appearance of plants 

Series I. — A difference in the plants of the preliminary series became 
noticeable soon after the second week of growth and very marked by the 
end of five weeks. The plants starved of calcium (C) were much smaller 
and more chlorotic. One-third of these plants (four) had died. The 
twelve plants treated with solution B were taller in general than the twelve 
given the complete nutrient solution (A). 

At the end of ten weeks the four plants starved of calcium for this 
entire period showed effects of the lack of this element even more than 
previously; in fact, about one-half of them died before this time. Those 
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to which the complete nutrient solution was added during the last five 
weeks of growth showed distinct recovery (fig. 1). Two of these elongated 
beyond some of the plants treated with the complete nutrient solution 



Pig, 1. Plants of series I starved of calcium for the first five weeks. Pot C3 received no 
calcium for five subsequent weeks while pot 04 was treated with the 
complete nutrient solution. 
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throughout the entire period. It is impossible to say how far plants may 
be starved of calcium and yet be restored when this element is supplied. 

In general, those plants given solution B were taller than those given 
solution A and seemed fully as vigorous. Flowers were borne on two 
plants only, these in solution B. 
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Series II. — As in the plants of the preliminary series, a difference be- 
came noticeable soon after the second week of growth and was still more 
evident at the end of five weeks (fig. 2). In general, the twelve plants 
with the complete solution (A) seemed to be fairly uniform in height with 
an average of twenty-eight inches above the cotyledons. Those given the 
solutions with half the amount of calcium (B, D, F) showed little variation 
among the three groups, and were only one inch (B, D) or three inches 



Fig. 3. Plants grown in a calcium-free solution (C). The lower leaflets and stipules 
show the characteristic chlorosis. In one plant the curling of the 
upper leaves is evident. 
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(P) shorter than those with the complete nutrient solution (A). There 
was, however, a decided difference between any of these and the plants 
deprived of calcium (C, E, G) although the latter showed little variation 
within the group as a whole. These plants were about one-half as tall as 
those given the complete nutrient solution (A). 

The plants deprived of calcium exhibited definite changes in the leaves. 
The lower leaflets and stipules were chlorotic; the portions around the 
edge of the stipule, or leaflet, and at the base of the main vein, remained 
fairly green, although yellowish, while the part between these became a 
creamy white. The uppermost stipules and leaflets were decidely curled 
and rigid almost to the point of a leathery toughness. These characteristics 
are best shown in a photograph of a plant treated with solution C, although 
all these plants were very similar (fig. 3). The plants given the half 
portion of calcium showed a very slight amount of curling; few' or none 
w ere chlorotic. 

The roots were remarkably uniform as to general appearance, being 
well developed with numerous secondary roots. None of them showed 
the short, stubby primary roots with few knobby laterals, often the case 
when either calcium or magnesium is in excess. No attempt wras made 
to record the exact number or size of nodules. In general, those plants 
given the complete nutrient solution have more and larger nodules, those 
given the half amount of calcium have fewer and smaller nodules, and 
those deprived of calcium have no nodules, or a few extremely small ones. 

Anatomical structure 

Root. — In each series, sections of the primary roots cut one inch below 
the cotyledons showed no obvious differences in the general structure or 
in the proportional amounts of tissues, whether the plants were given the 
full amount of calcium, half that quantity, or none (fig. 4). A study of 
the averages (arithmetic means) given in table III shows that in the 
second series the plants grown in the full nutrient solution (A), when 
measured in cross section, were not the largest in total area, although 
the largest in area of the stele and area of the xylem. When these are 
compared in these three respects with the plants given one-half the amount 
of calcium (B, D, P), it is seen that the latter rank first in one case only 
(total area for B), but they are second from every other point of view. 
The plants starved of calcium (C, E, G) are the smallest in all three 
measurements. 

If these same regions are compared to find the relation of area of stele 
to total area, the largest ratio is in the plants starved of calcium (E), 
while second are the plants given the complete nutrient solution (A). 
Comparisons of area of xylem to total area and of area of xylem to area 
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Fig. 4. Cross-section of a root cut one inch below the cotyledons of a plant starved of 
calcium (G). Magnification 88. 

of stele show that in each case the ratio is greatest in the plants treated 
with the full nutrient solution (A). The plants given half the amount 
of calcium (B, D, F) do not show regularly a larger proportion of xylem 
than do those plants starved of calcium (C, B, G). 

No distinct variations are noted when other sections of roots are studied 
in a similar but less detailed manner, although observations have been made 
at several levels for each root of each series. In all cases there is practi- 
cally no anatomical difference between these plants and those grown under 
the usual garden conditions. As will appear later, the same holds true 
for the stem. 

Stem. — In each series, sections of the main stem cut in the middle of 
the third internode show no striking differences as to the general structure 
or proportional amounts of tissues, regardless of the calcium treatment 
of the plant concerned (fig. 5). The averages given in table IV show 
that in the second series the plants in the full nutrient solution (A), 
when measured in cross section, are not the largest in total area, but they 
are largest in area of stele, and area of xylem. This was also true in the 
case of the root, but, for the stem, the greatest in total area is one group 
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TABLE III 

Sections or primary roots or pea one inch below the cotyledons 


Regions measured 

Complete 

nutrient 

SOLUTION 

Solutions minus onr- 

HALP CALCIUM 

, 

Solutions minus 
calcium 


A 

B 

D 

F 

C 

E 

G 

Total area in sq. 








mm,* 

Area of stele in sq. 

1.4728 

: 

1.5354 

1.1476 

1.1451 

0.9252 

0.9772 

0.9425 

mm,* 

Area of xylem in 

0.4422 

i 

0.4145 

0.3399 

0.3276 

0.2738 

0.3009 

0.2460 

sq. mm.* 

Area of stele : total 

0.2149 

j 

0.1853 

0.1553 

0.1478 

0.1213 

0.1322 

0.1105 

area ... .. 

Area of xylem: ; 

0.3002 | 

i 

0.2700 

0.2962 

0.2861 

0.2959 

0.3079 

0.2610 

total area ! 

0.1459 

0.1207 

0.1353 j 

0.1291 

0.1311 

0.1353 

0.1172 

Area of xylem: ! 





I 



area of stele .. j 

0.4860 

0.4470 

0.4569 i 

1 

0.4512 

0.4430 

0.4393 

0.4492 


* Average of five plants from series II. 



Pig. 5. Cross-section of a stem cut in the third internode of a plant starved of calcium 

(E). Magnification 39. 
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of plants starved of calcium (E), while the same plants rank second as to 
area of stele and area of xylem. For these three measurements no general 
statement can be made except that in total cross section area the plants 
deprived of calcium are usually larger than the plants given the half por- 
tion of calcium while the reverse is true for the area of stele and area of 
xylem. 

If these same regions be compared to find the relation of area of stele 
to total area, of area of xylem to total area, and of area of xylem to area 
of stele, it may be seen from table IV that in each case the largest ratio 
is found in the plants grown in the full nutrient solution (A), while those 
given the half calcium (B, D, F) are second, and those starved of calcium 
(C, E, G) are third. 

For the points just discussed, the stem and root do not follow the same 
variations to any marked extent. 

A study of sections of the main axes at higher internodes offers no 
striking differences in either series. A comparison of sections taken in 
the fifteenth internode was attempted but the study could not be made, 
as some plants did not elongate to that extent. In general the number 
of internodes is proportional to the amount of calcium in the nutrient 
solution with a variation from eighteen internodes in the plants provided 
with the most calcium, to fourteen in those starved of calcium. 


TABLE IV 

Sections or stems or pea. taken in the third internode 


Regions measured 

Complete 

NUTRIENT 

SOLUTION 

Solutions minus one- 
half calcium 

_ _____ i 

Solutions minus 
calcium 


A 

B 

D 

F 

C 

E 

G 

Total area in sq. 
mm.* 

2.4915 

2.2706 

2.3633 

2.2550 

2.2777 

i 

i 

1 

• 2.5229 

2.3887 

Area of stele in sq. 
mm.* 

0.6159 

0.5413 

0.5573 

0.5369 

0.4978 

0.5795 

0.4992 

Area of xylem in 
sq. mm.* . . 

0.2306 

0.1934 

0.1922 

0.1954 

0.1597 

j 0.1981 

0.1577 

Area of stele: total 

area . . 

0.2472 

0.2384 

0.2358 

0.2381 

0.2186 

j 0.2297 

0.2090 

Area of xylem; 
total area . .. * 

0.0926 

0.0852 

0.0813 

' 0.0867 

0.0701 

1 

' 0.0785 

0.0660 

Area of xylem; 
area of stele .. . 

0.3744 

0.3573 

0.3449 

i 

1 0.3639 

i 

j 0.3208 

j 0.3418 

0.3159 


' Average of five plants from series II. 
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Discussion 

In each series there is found the customary difference in elongation 
since the total length is greater and there are more internodes when cal- 
cium is present in the nutrient solution. As described by s' Jacob ( 4 ) 
the lower leaves of calcium starved plants “ become yellow and look as if 
they were first sucked out by the upper leaves. ’ ’ Contrary to his descrip- 
tion of the plant as limp, it has been found here that the upper leaves are 
stiff almost to the point of a leathery toughness, s' Jacob makes no men- 
tion of the curling of the upper leaflets and stipules. That these results 
seem to be due to lack of calcium is shown by those calcium-starved plants 
which resumed normal growth as soon as the complete nutrient solution 
was added. 

The greater uniformity of growth and the production of some flowers 
by plants which received half the amount of calcium seem to indicate 
a better proportion of the elements in this combination than in the com- 
plete nutrient solutions. Knop’s solution as given by Palladin (5) con- 
tains 0.571 gram of calcium nitrate per liter for very young plants, and 
2.855 grams per liter for older plants. In Shive’s solution 1.228 grams 
of calcium nitrate per liter gave the best results with wheat and 1.842 
grams per liter gave the second best (7). In this investigation the com- 
plete nutrient solution of the first series contained 0.4641 gram of calcium 
nitrate per liter. As compared with this amount of calcium in the nutrient 
solution, it is one-half this quantity that appears to give better results 
based on uniformity of growth of plants and on the production of flowers. 
Is it possible that the proportion of calcium generally used is too high ? 

Working with Phaseolus vulgaris , s’Jacob ( 4 ) decided that an excess 
of this element is possible, although Pisum sativum did not show it in his 
experiments. He stated that the harmful effect is due to an excess of cal- 
cium ions rather than to a high concentration of calcium carbonate. This 
is in disagreement with the conclusions of Gile and Carrero (3). 
Whether it is purely an effect of an excess of calcium ions is not proven by 
this investigation, but it seems at least plausible that several nutrient solu- 
tions in common use contain more than an optimal amount of calcium. 

Because the effects of the absence of calcium appeared so quickly 
Sorokin and Sommer (8) found it desirable to germinate pea seeds ( Pisum 
sativum, variety Golden Vine) in a solution of calcium sulphate and then 
transfer the seedlings to the calcium free solutions. This variety seems 
to be extremely sensitive to the absence of calcium as no such difficulty 
was encountered in this investigation with Pisum sativum, variety Canada 
field, since all seeds were germinated in the same nutrient solution as that 
in which they were allowed to continue growth. It is possible that the 
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latter variety contains a larger amount of stored calcium thus permitting 
some growth at the first, followed by marked repression later in those cases 
where calcium was lacking. 

Since their plants were grown in water cultures it is hardly possible 
to compare the resulting structures with those of plants grown in sand 
cultures. Seedlings in a nutrient solution frequently show abnormalities 
not evident when similar seeds are grown in pure sand treated with an- 
other portion of the same nutrient solution. However, their work agrees 
with the results noted by the author in the conclusion that absence of 
calcium does not result in separation of the cell walls. If the material 
examined in these studies had shown a hindrance of mitotic division such 
as they observed in their material it would be impossible to distinguish 
the tissues of normal appearance as previously noted. 

In the present investigation a comparison of the anatomical structure 
of the root as seen in cross section showed no consistent variation whether 
the plant was grown under the usual garden conditions, in a complete 
nutrient solution, or in one which entirely lacked calcium. This holds true 
for sections taken atr different levels. A similar comparison of stems 
showed no greater variation in the tissues. The only conclusion that can 
be reached on the basis of this investigation is that the lack of calcium 
causes no outstanding modification in anatomical structure. That the 
difference appears to be in amount of elongation, rather than in kind of 
structure, is supported by the measurements of the growing plants which 
show greater total length and have more internodes if calcium is present 
in the nutrient solution. 

Summary 

1. Canada field peas were grown in nutrient solutions in which the 
proportion of calcium nitrate was varied. Observations were recorded for 
external appearance and for anatomical structure. 

2. These results support the contention that lack of calcium affects the 
external appearance of plants since plants starved of calcium are shorter, 
the lower leaves are chlorotic, and the youngest leaves are curled and 
tough. 

3. A comparison of the proportion of calcium used here with that used 
by Knop and Shive seems to indicate that several nutrient solutions in 
common use contain more than an optimal amount of this element. 

4. Whether the plants are grown under the usual garden conditions, 
in a nutrient solution containing the full quantity of calcium, or in a 
solution lacking calcium, the anatomical structure of the root and of the 
stem remains practically constant. 
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5. The difference is a variation in the amount of elongation rather than 
in the anatomical structure as indicated by transverse sections. 

This study was begun at the University of Wisconsin where most of 
the experimental work was completed. I wish to thank Professor J. B. 
Overton for his advice and helpful suggestions during the progress of 
this investigation. To Professor E. J. Kraus I desire to express my ap- 
preciation for criticism of some of the work. 

Department or Botany, 

Smith College. 
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THE INSOLUBLE TYROSINASE OP THE VELVET BEAN 

SEED COAT 

Emerson E. Hiller 

The oxidizing enzymes known as tyrosinases are widely distributed in 
the vegetable kingdom and are also present in invertebrates and in the skin 
of various animals. They play an essential role in the formation of black 
pigments in the liquids and tissues of vegetable and animal organisms. 

Almost all investigations of tyrosinases so far reported concern water- 
soluble enzymes only. A notable exception was the discovery by Gortner 
( 4 ) that both a soluble and an insoluble tyrosinase are present in the larvae 
of the meal worm, Tenebrio molitor . 

Lehmann and Sano (7) found that Actinomycetes chromogenes has the 
power of converting tyrosine into a dark brown pigment, but they could not 
extract any tyrosinase from the micro-organism. 

The velvet bean now furnishes a very interesting and a very striking 
example of an insoluble enzyme which is found in the seed coat, and which 
has the power of oxidizing a chromogen contained only in the cotyledons, 
in this way producing the color, characteristic of the seeds of certain 
varieties. 

Since this enzyme has the power of oxidizing tyrosine and other com- 
pounds containing a hydroxy-phenyl group it is classed with the tyrosinases. 

Color formation in the velvet bean 

While extracting powdered velvet beans with cold water it was observed 
that pink colored spots were soon formed throughout the mass. By diffu- 
sion, the liquid became uniformly pink and this color gradually changed 
through various shades of red, brown, purple and finally became black. 

On examination of the mass it was found that the highly colored spots 
consisted mainly of fragments of seed coats. From this observation it was 
suspected that this formation of colored substances was due to an oxidizing 
enzyme, contained only in the seed coat, which was acting upon a chromogen, 
3-4-dihydroxy-phenyl alanine, which occurs only in the cotyledons of the 
bean (8). 

Several experiments were carried out in order to determine if this were 
the explanation of the color phenomena. Seed coats were carefully removed 
from several varieties of velvet beans so as to be entirely free from any inte- 
rior portion of the bean. Also, cotyledons were carefully freed from any 
adhering seed coat. Each was then coarsely powdered. 

It was found that none of the seed coats, alone, after long standing in 
water, produced any color. The same was true for the cotyledons of each 
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of the varieties examined. However, when the seed coat from any species 
or variety was mixed with the powdered cotyledons of that or of any other 
species or variety, in the presence of water, a pink color quickly appeared, 
usually within one minute, sometimes within half a minute or less, depend- 
ing mainly upon the age of the beans and the degree of fineness of the pow- 
dered seed coats. 


Action of the seed coats upon tyrosine 

The seed coats from both the Early Speckled and Early White varieties 
produced, with a saturated aqueous solution of tyrosine, a series of colors 
similar to those formed when velvet bean cotyledons were used. The speed 
of the reaction, however, was much slower in the case of tyrosine. 

Heating the dry seed coats at 105° C. for two hours diminished their 
activity but did not render them inactive. On the other hand, seed coats 
which had been mixed with water and heated in a boiling water-bath for 
fifteen minutes did not produce any color with velvet bean cotyledons in ten 
minutes. Usually, with fresh beans, color appears within half a minute. 

Insolubility op the enzyme 

In Water . — Seed coats were triturated with clean sand and water at ordi- 
nary temperature and filtered. The turbid filtrate when mixed with velvet 
bean interior showed very slight activity; the clear filtrate showed none. 
The residue, however, appeared to possess the usual degree of activity. 

In Other Solvents . — Fifty per cent, alcohol, various mixtures of glycer- 
ine and water, dilute salt solutions, dilute alkali and dilute acids all failed 
to extract anything from the seed coats that showed enzyme activity. In 
all these cases the residue of seed coat proved to be active. 

The influence of certain substances on the activity of the 

ENZYME 

A sample of coarsely powdered seed coat was allowed to stand four days 
in glycerine. After complete removal of the glycerine the seed coat was 
still very active in producing color with an aqueous extract of the velvet 
bean cotyledons; in the presence of fifty per cent, glycerine the activity of 
the enzyme was very much reduced. Color was produced in about seven 
minutes, while in the presence of water color appeared in one minute. This 
may have been due to the decrease in solubility of the chromogen and the 
slower rate of diffusion into the seed coat in the case of the glycerine. 

Sodium chloride solutions decreased the speed of the reaction with in- 
creased concentration of the salt. With water, 1 per cent., 3 per cent., 5 
per cent., 7 per cent, and 10 per cent, salt solutions, the time required to 
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produce noticeable change was, respectively, one minute, two minutes, two 
and a half minutes, four and a half minutes, ten minutes and a little more 
than ten minutes. 

Potassium chloride produced, apparently, about the same effect as that 
produced by sodium chloride. 

With 0.01 N mercuric chloride no color was produced in thirty minutes 
as against less than one minute for pure water. 

With 0.01 N benzoic acid no color was observed in several hours. 

With 0.2 N boric acid the speed of the reaction was reduced about fifty 
per cent. 

Using tyrosinase from several different sources Gortner (5) found that 
each of the phenols, orcin, resorcin, and phloroglucin, when added in small 
amount to the system, tyrosine -f tyrosinase, completely prevented color 
formation. It has been found that these same phenols which carry two 
hydroxyl groups in the meta position to one another, also prevent the forma- 
tion of color in a mixture of the velvet bean cotyledons and seed coats in the 
presence of water, or at least retard the action. In the absence of these 
phenols the appearance of a pink color has often been observed in less than 
a half minute. 

Influence of the reaction of the liquid on the activity of 

THE ENZYME 

Using potato tyrosinase with tyrosine as substrate and working with buf- 
fered solutions, Raper and Worm all (9) found that the enzyme is most 
active between pH 6 and 8, and that activity ceases at pH 5 and 10. 

With 3,4-dihydroxy-phenyl alanine probably no optimum pH is measur- 
able for the velvet bean tyrosinase since very slight acidity prevents oxida- 
tion, while autooxidation occurs in even weak alkaline solutions. 

Under conditions otherwise the same, 0.1 gm. of seed coat required five 
minutes to produce a given shade of pink color, while 0.5 gm. of seed coat 
required only one minute. The activity is, therefore, proportional to the 
mass of the seed coats used. 

COMPARISON OF THE ACTIVITY OF BLACK (TRACY), MOTTLED AND 
WHITE SEED COATS 

Using iii each case the same quantity of seed coat and powdered cotyle- 
dons with a given volume of water it was found that the speed of action of 
the white seed coats was approximately twice as great as that of the mottled 
seed coats, and six to eight times that of the black seed coats. Seed coats 
from several samples of the black variety were used and in every case the 
formation of colored substances took place much more slowly than with mot- 
tled or white seed coats. 
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When white seed coats are mixed in vitro with powdered embryos of any 
variety of velvet bean, in the presence of water, they become uniformly dark 
colored. 

Since the end product of the action of the oxidizing enzyme accumulates 
in the seed coat as the bean matures it might be expected that the more 
highly colored seed coats would show less activity than would be possessed 
by the mottled or white ones. 

By cutting up mottled seed coats so as to separate the white portions 
from the highly colored portions it was found that the former brought about 
color formation more quickly than the latter. This shows that the enzyme 
is uniformly distributed throughout the seed coat, not in spots, and that the 
mottled effect is most probably due to uneven or irregular diffusion of the 
chromogen into the seed coat as the seed develops. In the white variety the 
chromogen does not seem to pass into the seed coat at all. In the black 
variety the chromogen evidently diffuses gradually and evenly into the seed 
coat, thus giving the uniform black color to the mature seed. 

Influence of age on the activity of velvet bean seed coats 

The cotyledons of new velvet beans are light colored, but they darken 
quite noticeably with age. 

A sample of Early Speckled beans known to be several years old and 
having very dark interiors was powdered and mixed with water. Very lit- 
tle activity was shown ; but by adding to the mixture some seed coat from 
a fresh sample of the same variety, considerable color formation took place 
in a few minutes, thus showing that it was the enzyme of the seed coat which 
had been affected by age. 

A sample of Early White velvet beans known to be about six years old, 
when powdered and mixed with water, produced a pink color within five 
minutes. Usually, fresh beans of this variety, when so treated, show the 
pink color within one minute or less. 

When the pink colored solution which is formed when powdered velvet 
beans are mixed with water is filtered from the solid material, the filtrate, 
on standing, passes through the same shades of color as those produced when 
the seed coats remain in the mixture, and also finally becomes black. There- 
fore, the presence of seed coats is not necessary for continuation of color 
formation. 

The pink solution obtained by the action of Mn0 2 or Pb0 2 was also fil- 
tered and found to be oxidized through several shades of color, finally be- 
coming black. 

When powdered velvet beans are extracted with 95 per cent, alcohol and 
the solution allowed to stand in a cool place a solid separates which is almost 
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white. This gives the Molisch reaction for carbohydrate, but the carbo- 
hydrate may be removed by hot extraction with butyl alcohol, and the solid 
residue still gives all the reactions of 3,4-dihydroxy-phenyl alanine. When 
mixed with seed coats in the presence of water it shows the same color phe- 
nomena as is shown by an aqueous extract of the velvet bean cotyledons. 
It is evident that the chromogen extracted by means of alcohol produces the 
same color effects as do the aqueous extracts of the pulverized cotyledons. . 

Action of oxydizing enzymes from other sources 

When petals of Magnolia glauca or Magnolia grandiflora are cut into 
strips and placed in a mixture of velvet bean cotyledons and water, a pink 
color is produced more quickly than by the velvet bean seed coats ; and on 
standing, this mixture also passes through various shades of color, finally 
becoming black. 

Aqueous solutions prepared from the petals produce the pink color even 
more quickly. Magnolia leaves also show a similar activity, but react more 
slowly. Also, sections of Irish potato or the filtered aqueous extract are 
about as active as the magnolia petals and produce practically the same color 
effects. 

Agaricus campeatris proved to be very active toward the chromogen of 
the velvet bean. Wheat bran, also, was quite active. 

Prom the edible portion of the banana a solution of tyrosinase was pre- 
pared which almost instantly produced a pink color with an aqueous extract 
of velvet bean cotyledons. The peel of the banana was found to contain an 
insoluble tyrosinase which is active toward 3,4-dihydroxy-phenyl alanine. 

A very active solution was also prepared from an undetermined species 
of mushroom having a white pileus with yellow gills. 

Similar color changes are produced by some of the inorganic oxidizing 
agents. Thus with chemically pure manganese dioxide, or with lead diox- 
ide, velvet bean cotyledons, in the presence of water, yield practically in- 
stantaneously a pink colored solution which passes through the usual series 
of colors, finally becoming black. 

The pink colored solutions filtered from the residue of the dioxides, like- 
wise, pass through the various shades of color ending in black. 

It must not be supposed that the insoluble velvet bean tyrosinase is iden- 
tical with the insoluble tyrosinase of the meal worm. While the enzyme of 
the velvet bean seed coat resembles that of the meal worm in its insolubility 
and in its action on tyrosine, it differs from it in having a slight oxidizing 
action on phloroglucinol, orcinol, pyrogallol and quinol, and by not losing 
its activity after standing for some time in glycerol. 
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Nitrogen and manganese content of the seed coats of the 
velvet bean 

Nitrogen determinations of the seed coat of four varieties of velvet beans 
were made in the hope that they might throw some light on the chemical 
nature of the enzyme. If little or no nitrogen were present it would prove 
that this enzyme could not be protein-like. However, the minimum amount 
of nitrogen found was about 0.3 per cent. This is equivalent to about 1.87 
per cent, protein, and if all the nitrogen were present in this form it would 
be quite possible for the enzyme to be a protein of some kind ; on the other 
hand, it should be stated that the application of several protein tests failed 
to give satisfactory evidence of the presence of protein in the seed coats. 

Although the nitrogen determinations did not throw any light on the 
chemical nature of the enzyme, yet they seem to have a bearing on the ques- 
tion of the deaminization of the chromogen of the velvet bean by the tyro- 
sinase of the seed coat. 

According to Chodat and Schweizer (2) tyrosinase deaminizes glycine, 
tyrosine and phenyl alanine. On the other hand, Raper and Worm ai.l 
(10) did not obtain ammonia when tyrosinase acted upon tyrosine, and 
Happold and Raper (6) were not able to detect the formation of ammonia 
when potato tyrosinase acted upon glycine, alanine or phenyl-amino-acetic 
acid, unless p-creosol or some other suitable phenol was present. 

Judging from these results it is quite improbable that the tyrosinase of 
the velvet bean seed coat deaminizes 3,4-dihydroxy-phenyl alanine. In 
agreement with this we obtained no evidence of the formation of ammonia 
when velvet bean cotyledons and seed coats were mixed with water. One 
would naturally expect, then, that the seed coat of the black Tracy velvet 
bean would contain a higher percentage of nitrogen than is- contained in 
the seed coats of the Early Speckled variety, since the latter contains much 
less melanin. For the same reason one would expect to find the nitrogen 
content of the Early White seed coats to be lower than that of the mottled 
varieties. On the contrary its nitrogen content is almost as high as that of 
the Osceola seed coat. This is not necessarily a contradiction. It was 
shown that the Early White seed coats showed decidedly greater enzyme 
activity than was shown by the seed coats of any other variety. This, of 
course, would mean that a larger amount of the enzyme is contained in this 
variety; and if the enzyme is a protein, as it may be, this would account for 
the higher nitrogen content of this seed coat. 

The results shown in table I, based upon air dried material, were ob- 
tained by the Kjeldahl method for different samples of seed coats of the 
varieties indicated. 
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TABLE I 

Analyses op velvet bean seed coats 


Variety 

Nitrogen 

Moisture 


per cent . 

per cent . 

Tracy 

0.062 

10.09 


0.635 

9.66 


0.624 



0.626 



0.608 

| 

Osceola 

0.343 

11.58 


0.470 



0.456 1 

11.04 


0.463 


Early White 

0.439 

9.85 


0.426 


Early Speckled 

i 0.301 

10.78 

« 

i 0.323 

10.35 


0.335 

11.14 


Evidence was found that indicates the presence of more than one nitro- 
genous compound in the seed coat. A small quantity of seed coats of the 
Early Speckled variety was thoroughly extracted by each of the following 
solvents : water, 94 per cent, alcohol, and 0.2 per cent, aqueous solution of 
sodium hydroxide. The following amounts of nitrogen were extracted 
(Kjcldahl), based on air dried material: water, 0.014 per cent.; alcohol, 
0.055 per cent. ; 0.2 per cent. NaOH solution, 0.100 per cent. Prom these 
results it appears that almost all of the nitrogen of the seed coat exists in 
the form of an insoluble compound along with one or more other compounds 
present in small amount. 

Analyses for manganese content of the seed coats were made because of 
the supposed relation of manganese to oxidase activity. In his investiga- 
tions of laccase obtained from many different sources Bertrand ( 1 ) showed 
that its activity was proportional to its manganese content. Prom Medi- 
cago sativa he obtained a preparation which was only slightly active and 
contained very little manganese. He found, however, that its activity was 
greatly increased by the addition of a small amount of manganese acetate or 
other manganese compound. Prom these results he concluded that manga- 
nese is an essential part of laccase. 
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Euler and Bolin (3) later obtained a preparation of laccase from Medi- 
cago sativa which contained practically no manganese but was capable of 
oxidizing polyphenols in the presence of traces of manganese. Recently 
Wieland and Fischer (11) separated a plant oxidase from the juice of the 
fungus, Ladarius vcUereus. Although they could detect no manganese in 
its ash, the enzyme was capable of oxidizing catechol and quinol, in the air, 
to the corresponding quinones. 

From a consideration of these results and the fact that the velvet bean 
seed coat shows such pronounced enzymic activity, it was of interest to deter- 
mine their manganese content. Table II shows amounts of manganese that 
were obtained by the periodate method, results being expressed in terms of 
the dry weight of the seed coats. 


TABLE II 

Analyses op velvet bean seed coats fob manganese 


Variety 

Manganese per 100 gm. 

OF SEED COAT 


mg. , 

Early Speckled 

23.10 

Osceola 

17.04 

Tracy (black) 

j 23.09 

Chinese 

| 16.15 

Yokohama 

j 16 15 

Early White 

j 23.31 

Jack Bean . . 

2.86 


I 


Although it can not be claimed that these results either confirm or dis- 
prove Bertrand’s view, yet the finding of so much manganese in a tissue 
having pronounced enzyme activity may be considered very suggestive. It 
will be noticed that the black seed coat of the Tracy variety in which there 
is the greatest amount of pigment, and the seed coat of the white variety 
which proved to be most active, are the ones which contain the greatest 
amounts of manganese. These facts are at least in harmony with the view 
that manganese is concerned in the enzyme action. 

The seed coat of the Jack Bean did not, as far as it was tested, show any 
enzyme action, and as is shown in the table, contains much less manganese 
than is contained in the velvet bean seed coats. 

A comparison was made of the action of velvet bean seed coats and some 
other substances which act as oxidizing agents, such as manganese dioxide, 
lead dioxide, and benzoyl peroxide, on each of the following substances in 
the presence of water : 
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(1) Dihydroxy-phenyl alanine (aqueous solution from velvet bean coty- 
ledons) ; (2) orcinol ; (3) phloroglucinol ; (4) pyrocatechol; (5) hydro- 
quinone; (6) benzidine; (7) pyrogallol; (8) tincture of guaiac. 

The results of these comparisons are summarized in the following para- 
graphs : 

I. Dihydroxy-phenyl alanine. 

(1) Velvet bean seed coat: pink color sometimes within twenty 
seconds, changing through several shades of red, brown, pur- 
ple, finally becoming black. 

(2) Mn0 2 : pink color practically instantaneously, quickly chang- 
ing through various shades, finally black. 

(3) Pb0 2 : pink color practically instantaneously, with changes 
similar to those in no. 1 and no. 2. 

(4) Benzoyl peroxide: a purplish pink color observed after sev- 
eral hours. 

II. Orcinol. 

(1) Velvet bean seed coats: very slight pink after standing over 
night. 

(2) Mn0 2 : slight red within one minute. 

(3) Pb0 2 : slight color within two minutes. Reacted more quickly 
than the velvet bean seed coat, but more slowly than Mn0 2 . 

(4) Benzoyl peroxide : very distinct pink in twelve hours. 

III. Phloroglucinol. 

(1) Velvet bean seed coat: very slight yellow after standing 
several hours. 

(2) Mn0 2 : very distinct yellowish color after standing several 
hours. 

(3) Pb0 2 : similar to no. 2. 

(4) Benzoyl peroxide: faint yellow color within thirty minutes, 
but very little further change in twelve hours. 

IV. Pyrocatechol. 

(1) Velvet bean seed coat: yellowish color appeared very quickly. 
After several hours the seed coat was almost black but the 
solution remained slightly pink. 

(2) Mn0 2 : greenish yellow color almost immediately, finally black. 

(3) Pb0 2 : yellowish color very quickly. Solution brownish after 
several hours. 

(4) Benzoyl peroxide: slight gray color within a few minutes; 
after standing over night, the liquid was yellowish brown. 
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V. Hydroquinone. 

(1) Velvet bean seed coat: very slight pink color within twenty 
minutes, changing very slowly. 

(2) Mn0 2 : deep reddish brown color within fifteen minutes. 

(3) Pb0 2 : slight reddish color almost immediately, but changed 
very slowly. 

(4) Benzoyl peroxide : very slight pink in five hours. 

VI. Benzidine. 

(1) Velvet bean seed coat: after standing twenty hours the liquid 
had not become colored, but the seed coats had taken on a 
slight purple color. 

(2) MnO s : slight pink very quickly. 

(3) Pb0 2 : the liquid was colored pink very quickly. 

(4) Benzoyl peroxide: bluish green color formed almost imme- 
diately. Became purple in a few minutes. 

VII. Pyrogallol. 

(1) Velvet bean seed coat: the solution was colored yellowish 
within two minutes ; dark brown after twelve hours. 

(2) Mn0 2 : brownish red solution almost immediately, black in 
twelve hours. 

(3) Pb0 2 : after standing several hours there was somewhat more 
color than was produced by velvet bean seed coat. 

(4) Benzoyl peroxide: no appreciable change within five minutes. 
Slight brown after long standing. 

VIII. Tincture of guaiac. 

(1) Velvet bean seed coat: some samples produced a very faint 
greenish color in a comparatively short time, others appeared 
to have no effect. 

(2) MnO s : a pale green produced quickly. 

(3) Pb0 2 : result similar to that produced by Mn0 2 . 

(4) Benzoyl peroxide : also produced a pale green very quickly. 

On carefully examining the color reactions described here it is seen that 
the behavior of the velvet bean seed coat is in general similar in its effects 
to that of the inorganic dioxides and benzoyl peroxide. This similarity 
suggests the possibility that the enzyme of the velvet bean seed coat may 
itself be a peroxide. 

Credit is due Mr. E. P. Williams for assistance in carrying out this 
investigation. 

Agricultural Experiment Station, 

Alabama Polytechnic Institute. 
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THE DETERMINATION OF NITRATE IN GREEN TOMATO AND 

LETTUCE TISSUES 

E. M. E M M BRT 

A method for the rapid and accurate determination of nitrate nitrogen 
in fresh plant tissues was desired in connection with some experiments on 
the absorption of nitrate by tomato and lettuce plants, but none seemed 
available. The reduction methods with Devarda alloy have been shown 
by Ranker (10) and others to be inaccurate. Other reduction methods 
seem to be subject to the same inaccuracies or are very laborious. The 
method in which nitric acid is reduced to nitric oxide by ferrous chloride, 
and the nitric oxide caught over alkali and absorbed by permanganate (9), 
may be accurate for fairly large amounts of nitrate, but is too laborious 
and requires large samples. The method suggested by Emmert (2) in 
which the nitric acid is distilled from 50 per cent by volume sulphuric 
acid and caught in an oxidizing solution of chlorine dioxide to reoxidize 
lower oxides of nitrogen, is rather laborious. 

The phenoldisulphonic method seems to be the most promising method 
for small amounts of nitrates in soils (5). This method has been applied 
to plants by Burrell and Phillips (1). An alcohol extract was used, 
making it necessary to clear with lead acetate and destroy organic matter 
with sodium peroxide. Their results are very favorable, but still the process 
is laborious. Trials were made on water extracts by the writer. It was 
soon found that some agent for clarifying and stopping reduction was 
needed. Most gratifying results were secured by triturating green tissues 
with calcium hydroxide and filtering from copper hydroxide. By this 
means a surprisingly clear aqueous extract was secured which gave little 
or no interfering color with phenoldisulphonic acid. Data are presented 
which show that enzymes, sugars, and other reducing substances in the 
amounts found in tomato tissues do not reduce nitrate in solutions made 
strongly alkaline with calcium hydroxide. 

The use of charcoal as advocated by Gilbert (4) for clearing the solu- 
tion, does not seem advisable, since reduction is not stopped and extreme 
care has to be taken to obtain the proper form of charcoal, for occlusion and 
absorption cause errors, as indicated by Harper (5). 

During the writing of the present paper, a method appeared in a recent 
issue of Plant Physiology, by Holtz and Larson (6), which is somewhat 
similar to the method of this paper. Their method was used on dry tissue, 
however, and included the use of charcoal, thus subjecting itself to the 
dangers of Gilbert’s method. Their leaching process is much longer than 
trituration and it does not seem as thorough in extracting nitrate as does 
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trituration of fresh tissue. In any drying process, changes occur no mat- 
ter how carefully it is carried out. A short method of determining nitrate 
in green tissue enables the almost immediate analysis of tissue which has 
not had a chance to change to any extent. Holtz and Larson may have 
secured complete recovery of nitrate added, yet this does not prove that 
all their tissue may not have suffered approximately equivalent loss of 
nitrate in the process of drying and during the analysis. Work with 
nitrate-free plant material should overcome such constant factor occurring 
undetected during the analysis. 

It is not claimed that the method presented in this paper will give clear 
extracts on tissues other than those used, but if it clears these tissue ex- 
tracts satisfactorily it is safe to suppose that it will be of value in other 
tissues. 

Plants grown in normal soils do not usually contain enough chloride to 
interfere, so that the removal of chloride may be omitted in most cases. 

Procedure 

The sample is detached from the growing plant and placed in a covered 
container. One gram (larger amounts can be used if reagents are increased 
proportionately) is weighed out at once. Within fifteen minutes after 
weighing, the one gram sample should be placed in a mortar, 0.5 grain 
calcium hydroxide added, and the mixture triturated until a green (if 
chlorophyll is present) paste results. Care should be taken to break up 
all particles of tissue. Place 5 cc. of M/2 molar copper sulphate in a 50-cc. 
graduate and make up to exactly 50 cc. Add this to the paste in the 
mortar and mix thoroughly. After 5 minutes filter off a 25-cc. aliquot (a 
larger aliquot should be used if nitrate is low), discarding the first few cc. 
of filtrate. Evaporate to dryness without overheating th,e residue and 
determine nitrate by the phenoldisulphonic acid method, using sodium 
hydroxide as the base. It will be necessary to filter the yellow solution for 
reading. Addition of calcium hydroxide before filtering gives a better 
solution, since calcium sulphate is only slightly soluble and a precipitate 
of sodium sulphate does not form on standing. If more than 20 ppm. of 
chloride is present it must be removed by treatment with silver sulphate, 
as outlined by Harper (5). Further protection against reduction may be 
secured by adding a cubic centimeter of toluene to the tissue at the time 
of trituration. 

Principles involved 

On trituration with calcium hydroxide the plant cells are broken up and 
all acidity is neutralized, free nitric acid, if present, being converted to 
Ca(NO s ) 2 before it can be reduced, which would likely take place if the 
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sample were triturated alone. Enzyme action probably is stimulated by 
trituration and, unless calcium hydroxide is present, rapid reduction of 
nitrate occurs (3) (7). The highly absorptive properties of copper 
hydroxide enable it to absorb practically all interfering substances leaving 
a clear solution of nitrate with traces of sugars, minerals and other sub- 
stances of the plant sap. These amounts are so small that the phenoldi- 
sulphonic acid method for nitrates was found to give accurate results. 

TABLE I 

Nitrate nitrogen pound in upper leaves op tomato by trituration with calcium 

HYDROXIDE — PERCENTAGE OF GREEN WEIGHT 


Plot 

Det. 1 

Bet. 2 

Difference 


per cent. 

per cent . 

per cent. 

1 

0.040 



2 

0.0130 

0.0142 

0.0012 

3 

0.0166 

0.0183 

0.0017 

4 

0.0107 

0.0142 

0.0035 

5 

0.0081 

0.0069 

0.0012 

6 

0.0094 

0.0088 

0.0006 

7 

0.0108 

0.0100 

0.0008 

8 

0.0075 

0.0075 

0.0000 

9 

0.0085 

0.0081 

0.0004 

10 

0.0380 

0.0400 

0.0020 

11 

0.0081 

0.0085 ' 

0.0004 

12 

0.0262 

0.0238 

0.0024 

13 

0.0250 

0.0212 

0.0038 

14 

0.0338 

0.0338 

0.0000 

15 

0.0262 

0.0288 

0.0026 

16 

i 0.0238 

0.0175 

0.0063 

17 | 

0.0276 

0.0250 * 

0.0026 

18 

0.0138 

o.oioo : 

0.0038 

19 

0.0300 



20 

0.0108 

0.0117 

0.0009 

21 

0.0100 

0.0133 


22 ; 


0.0083 


23 ! 

0.0188 

0.0188 

I- 

24 i 


; 0.0212 

0.0163 

25 


0.0175 


26 


0.0125 


27 




28 

tliSEBlti: 





29 



■ 

30 

0.0188 



31 



0.0025 

32 

0.0092 



33 



0.0083 
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Results 

In tables I-III are presented series of nitrate determinations on tomato 
leaves, (I) ; tomato stems, (II) ; and lettuce leaves, (III). The soil in the 
plots was treated to control the reaction. It was found impossible to ob- 
tain uniform samples as to age and percentage of veins. Samples of tissue 
taken from the same plot might be several days or several weeks different 
in age, depending on their positions. Upper leaves gave 0.025 per cent, 
nitrogen, while lower leaves of the same plant contained 0.110 per cent. 
Samples taken from the same leaf might differ, since the veins contain a 
much larger per cent, of nitrate nitrogen and it is hard to secure the same 
proportion of veins in each case. 


TABLE II 


Nitrate nitrogen found in tomato stems by trituration with calcium hydroxide — 

Percentage of green weight 


Plot 

Det . 1 

Det . 2 

Difference 


per cent . 

per cent . 

per cent . 

7 

0.095 

0.095 

0.0 

8 

0.100 

0.100 

0.0 

9 

0.120 

0.120 

0.0 

10 

0.110 

0.110 

0.0 

11 

0.110 

0.110 

0.0 

12 

0.140 

0.140 

0.0 

14 

0.140 

0.145 

0.005 

18 

0.115 

0.110 

0.005 

20 

0.125 

0.115 

0.010 

22 

0.105 

0.100 

0.005 

23 

0.115 

0.115 

0.0 

24 

0.115 

0.115 

0.0 

25 

0.120 

0.120 

0.0 

26 

0.115 

0.115 

0.0 

27 

0.130 

0.135 

0.005 

28 

0.140 

0.135 

0.005 

29 

0.140 

0.140 

0.0 

30 

0.145 

0.145 

0.0 

32 

0.120 

0.120 

0.0 


The difference between leaf and vein tissue in lettuce is shown by the 
fact that a sample of veins gave 0.115 per cent, nitrate nitrogen, while one 
from the margin of the leaves gave 0.055 per cent. Considering these points 
it is not justifiable to attribute the variations in tables I and III to the 
method. It seems more probable that they are due to differences in the 
samples. The fact that similar treatments were consistent in showing 
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TABLE III 


Nitrate nitrogen found in lettuce leaves by trituration with calcium hydroxide — 

Percentage of green weight 


Plot 

Bet. 1 

Det. 2 

Difference 


per cent . 

per cent . 

per cent . 

i 

0.250 

0.237 

0.013 

2 

0.115 

0.110 

0.005 

3 

0.085 

0.080 

0.005 

4 

0.075 

0.080 

0.005 

5 

0.090 

0.100 

0.010 

6 

0.110 

0.110 

0.0 

7 

0.113 

0.113 

0.0 

8 

0.131 

0.134 

0.003 

9 

0.125 

0.131 

0.006 

10 

0.113 

0.119 

0.006 

11 

0.125 

0.100 

0.025 

12 

0.093 

0.081 

0.012 

13 | 

0.100 

0.115 

0.015 

14 

0.119 

0.125 

0.006 

15 

0.113 

0.119 

0.006 

16 

0.119 

0.125 

0.006 

17 

0.100 

i 0.113 

0.013 

18 

0.125 

0.125 

0.0 

19 

0.125 

0.134 

0.009 

20 

0.188 

i 




like nitrate nitrogen content in most of the cases shows that the method 
must have a greater degree of accuracy than the data exhibit. 

In table II the stems of suckers were used. In this case it was easier 
to secure uniform samples by using thin cross slices of stems of about the 
same diameter and apparent age (stems of about 0.5 cm. in diameter were 
used for the determinations reported in table II). The samples were 
handled rapidly to avoid moisture losses. Here the variation is below 
5 per cent, in every case but one. This table shows that the method gives 
consistent results with stem tissue. The question of water loss is the big 
factor in variation here. As soon as the slices are cut they must be 
weighed at once, preferably in a covered container. 

Recovery of nitrate 

In order to further check the method, one gram samples of tomato leaf 
tissue were weighed and 5 cc. of standard nitrate solution were added to the 
tissue along with the calcium hydroxide. The sample was triturated and 40 
cc. of water, plus 5 cc. M/2 CuS0 4 solution added. A sample of the same 
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TABLE IV 

Recovery of added nitrate nitrogen by trituration with calcium hydroxide 
One gram of green leaves of tomato plants + 0.5 mg. nitrate nitrogen 

ADDED AS KNO a 



* Total + deviation = 0.14 in four cases. 

Total — deviation = 0.08 in two cases. 

Average deviation = 0.037. 

Per cent, of error = 7.4. 

TABLE V 

Effect of reducing sugars and sucrose on recovery of nitrogen added as 

POTASSIUM NITRATE 


Sample 

Nitrogen added 

Nitrogen found 


mg . 

mg . 

Standard solution alone 1 

0.5 

0.5 

Standard solution + 3 mg. sucrose 

0.5 

0.5 

Standard solution -4- 3 mg. glucose and levulose 

0.5 

0.5 

Standard solution + 6 mg. sucrose 

0.5 

0.5 
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leaf was then analyzed in the usual way. Table IY shows the recoveries 
made. In four out of ten cases exact recovery was made. In wily two cases 
was the deviation as much as 10 per cent, of the added nitrogen. In two 
cases the deviation was 6 per cent., and in the other two, 4 per cent. How- 
ever, in only two cases was there actual loss, which would lead wie to believe 
that the fluctuation must have been due to something besides loss of nitrate 
nitrogen in the procedure. The recovery of nitrate added to nitrate-free 
plant tissue was equally good (see table VI), the variation ranging from 
- 10 to + 16 per cent, of the added nitrate in 12 experiments, with four 
cases of exact recovery. 

Interfering colors 

In the determinations on plants containing normal amounts of nitrate 
no interfering colors became evident, the unknown matching the standard 
in excellent manner. If, however, the residue from the evaporation was 
overheated a faint caramel color developed, showing the presence of small 
amounts of organic substances. Evidently the amount of organic matter 
was much less than that found by Burrell and Phillips (1) using an alco- 
hol extract. It is natural to suppose that alcoholic extracts would contain 
more organic matter. Alcohol also dissolves chlorophyll which is a strong 
reducing material, and it would naturally promote reduction of nitrate. 
Water, on the other hand, would not dissolve chlorophyll nor other organic 
substances to the degree that alcohol does. At any rate, interfering colors 
did not seem to be a source of error. 

In the experiments reported in table VI, however, when only minute 
traces of nitrate were present, if any, some instances of interfering color 
occur, but in most cases the color was not enough to be significant. In table 
V interference by an amount of carbohydrate found in normal tomato 
tissue was not detected. A sugar solution containing 3 mg. of sugar 
(shown later to be the amount present in one gram of normal tomato leaves) 
was run through as a blank to note if any color developed when it was cer- 
tain no nitrate was present. The solution after adding NaOH was perfectly 
colorless. The same thing was true of 6 mg., but 12 mg. of sugar gave a 
slight coloration, which was of a decidedly different yellow from that of the 
standard. 

One point should be noted here, however. When ammonium hydroxide 
was used as the base for neutralizing the phenoldisulphonic acid, a slight 
color interference appeared. When sodium hydroxide was used, and the 
solution filtered, a solution admirably adapted for colorimetric readings was 
secured. On standing, a further precipitate may settle out. If calcium 
hydroxide is added before filtration and shaken well, calcium sulphate is 
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formed. Since calcium sulphate has about the same solubility, regardless 
of temperature, the solution remained clear on standing. 

Reduction of nitrate 

In strongly alkaline solution there seems to be no reduction by reducing 
materials present in plants. Table V indicates no loss from sugars added 
to nitrate solutions. A 5 per cent, solution of fresh sodium sulphate was 
added to a sample of standard containing 0.5 gram calcium hydroxide and 
the solution evaporated. Very little, if any, reduction occurred. However, 
when sodium hydroxide and metallic zinc were used in the presence of cal- 
cium hydroxide, the reduction was more than half. 

In table V the amounts of sucrose and hydrolyzed sucrose to be added 
were determined by adding together the figures found by Kraus and Kray- 
bill (8) for sucrose and reducing substances in tomato leaves. Their series 
M was chosen, since it was the nearest to the type of soil used for the 
tomatoes analyzed by the writer. Since a one gram sample of tomato tissue 
was used for the trituration method and the highest amount of reducing 
substances and sucrose found by Kraus and Kraybill was 0.3 per cent, of 
the green weight, a total of 3 mg. of sucrose were added. Reducing sugars 
were introduced by hydrolyzing with dilute acid. Some hydrolysis likely 
took place on heating the alkaline solutions of sugar and nitrate. 

Table V shows that sugars had no reducing action on nitrate in the 
presence of calcium hydroxide. Of course, this does not prove that there 
are not enzymes or other substances in plants which might reduce the nitrate. 

Eckerson (3) finds that reduction in plant tissues takes place at pH 8.4 
to pH 9.2, though pH 7.6 is optimum. Her figures seem to show that strong 
acidity checks the reducing action almost better than strong alkalinity. 
Kastle and Elvove (7) , on the other hand, found that reduction was pre- 
vented by lime-water or NaOH. Of course the amount of calcium hydroxide 
used in the present method would create a pH well above 10 and the excess 
present would maintain it thus. 

In view of the contradictory findings on this point in the literature it 
was decided to test reduction by plant tissue still further. Although table 
IV gave almost complete recovery of nitrate nitrogen added, it was thought 
that a constant source of reduction might make it appear like complete re- 
covery, when in reality a certain constant amount was lost in all determina- 
tions. If, however, known amounts of nitrate nitrogen were added to nitrate 
free tissue and complete recovery was secured, no constant error could be 
present. Consequently, garden bean seeds were germinated in pure white 
sand free of nitrate. When the cotyledon leaves were at their maximum 
the tissue was used. There would be no chance for nitrate nitrogen here, 
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TABLE VI 


Recovery or nitrate added to nitrate-free plant tissues 


Sample 

N AS NITRATE 
ADDED 

N AS NITRATE 

RECOVERED 

fa 

Notes on color 

Bean 

mg. 

None 

mg. ■ 

Faint trace of color 

Seems to be faint nitrate 

tt 

None 

Faint trace of color 

color 

Just a trace of cloudiness 

tt 

0.1 

0.100 

Slight interference bnt 

1 1 

0.1 0 

0.100 

reading was definite 

No interference 

tt 

0.2 

0.188 

No interference 

t 1 

0.2 

0.180 

Slight interference 

i t 

0.5 

0.500 

No interference 

t t 

0.5 

0.500 

No interference 

i t 

1.0 

1 0.950 

No interference 

tt 

1.0 

1.050 

No interference 

Tomato 

None 

Trace of color 

More color than in bean, 

< t 

1.0 

0.161 

but not significant 

Slight interference 

tt 

0.2 

0.206 

No interference 

tt 

0.5 

0.500 

No interference 

it 

1.0 

0.950 

1 No interference 


since the roots could not absorb any and it is pretty certain that all nitrogen 
in seeds is in the reduced form. Nitrate-free tomato tissue was secured by 
washing out the roots of about 8-inch plants and placing them in pure white 
sand. After a week considerable nitrate was still evident, as shown by the 
method used in the present paper, but in two weeks’ time the nitrate present 
was negligible. 

The recoveries given in table VI are rather favorable, although in some 
cases a little nitrogen seems to be lost. However, this is almost balanced 
by the cases in which too much nitrogen was found. Considering the fluc- 
tuation possible in making colorimetric readings, the writer feels that little 
reduction takes place in the presence of calcium hydroxide in the procedure 
for nitrate suggested. 

Department op Horticulture, 

University or Kentucky. 
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MOISTURE FLUCTUATIONS IN EXTRACTED PLANT SOLUTIONS 

AND IN LEAF TISSUE 1 

Basil E. Gilbert and Waldo L. Adams 

For a number of years workers at the Rhode Island Agricultural Experi- 
ment Station have made chemical and agronomical studies of the quantities 
of nutrient mineral elements necessary to insure optimum growth of field 
and market garden crops. Recently attempts have been made to measure 
the amounts of these elements found in the plant (3, 4) at various stages of 
growth as related to varying environmental conditions such as fertilization 
and weather factors. This localization of attack has involved the use of 
certain colorimetric chemical methods to measure small concentrations of 
nutrient elements found in the plant solution. Concentration has been ex- 
pressed as parts per million of plant solution. Since an aqueous solution 
is being considered, the question arose as to the influence of environmental 
factors such as evaporation and soil moisture upon the concentration of the 
plant solution. Might there not be sufficient fluctuations in total moisture 
to introduce appreciable errors in the concentrations of nutrient elements 
in the plant solution? In order to answer this question it seemed necessary 
to make studies of the fluctuations occurring in the moisture content of the 
crop plant. 

There seemed to be two fairly clear-cut ways of attacking this problem : 
(1) To determine the water content of the extracted plant solution at 
various times during the growing period. (2) To determine the total mois- 
ture content of crop plants over an entire season of growth. 

Moisture content of 1926 plant solutions 

In order to determine the water content of the extracted plant solution 
the refractometric method suggested by Gortner and Hoffman (6) was 
used. By this method the moisture content of expressed plant tissue fluids 
is determined by difference, the Abbe refractometer measuring the per- 
centage of total solids in the expressed sap in units of the sugar scale. This 
method is based on the fact that the refractive indices of solutions of inor- 
ganic salts and proteins in the concentrations normally present in plant 
sap are very nearly the same as the indices of similar solutions of carbo- 
hydrates. One or two drops of the solution expressed in the manner de- 
scribed by Gilbert (2) were used for each determination and the deter- 
minations were made in duplicate. 

* Contribution no. 376 of the Rhode Island Agricultural Experiment Station. 
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By means of this method the average moisture percentages for the crops 
and tissues given in table I were determined. The crops listed were all 
grown on Merrimac silt loam on the Rhode Island experimental plats and in 
the humid climate of the coastal region. 

From table I it will be noted that the standard deviation which measures 
the absolute variation from the mean is very small in each case. This is of 
interest since the determinations were made throughout the length 1 of a 
growing season during which varying conditions of evaporation and soil 
moisture were obtained. A chart giving a description of weather observa- 
tions at the Rhode Island experimental plats for the season of 1926 has 
already been published (4). 

TABLE I 

Average moisture percentages pound in solutions op crops grown under field 

CONDITIONS IN 1926 


Crop 

Tissue 

Number op 

DETERMINATIONS 

Average 

moisture 

Standard 

deviation 

Parsnip 

Boots 

11 

per cent. 

89.7 ± 0.4 

2.0 ± 0.3 

Beet 

Boots 

24 

92.8 ± 0.2 

1.4 ± 0.1 

Carrot 

Boots 

19 

93.5 ± 0.1 

0.9 ± 0.1 

Butabaga 

Boots 

21 

95.4 ± 0.2 

1.3 ± 0.1 

Celery 

Stalks and leaves 

38 

95.1 ± 0.2 

1.4 ± 0.1 

Beet 

Stalks and leaves 

26 

97.0 ± 0.1 

0.7 ±: 0.1 

Buckwheat 

Stalks and leaves 

18 

97.9 ± 0.1 

0.6 ± 0.1 

Spinach 

Entire leaves 

12 

97.9 ± 0.2 

1.1 ±: 0.2 

Lettuce 

Entire leaves 

21 1 

97.5 ± 0.2 ' 

1.1 ± 0.1 

Tomato 

Branch tips 

12 

92.8 ± 0.3 

1.4 ± 0.2 

Potato 

Branch tips 

8 

94.0 ± 0.4 ; 

1.7 ± 0.3 

Corn 

Tissue of stalk above 
uppermost node 

11 

96.4 ± 0.4 

j 

2.0 ± 0.3 

Cabbage 

Leaves minus midribs 

47 

i 

1 

95.1 ± 0.1 | 

1.3 ± 0.1 


The determinations were also made upon tissues of crops growing with 
both optimum and suboptimum commercial fertilization and on manured 
and non-manured situations. Environmental conditions, therefore, seem to 
have had little effect upon the concentration of the expressed plant solution. 
The lack of significance is also seen if the deviations are considered in the 
determination of an element which is present in the solution in magnitudes 
of 100 parts per million of solution as is the case with the nitrate ion (3). 
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Determinations of total moisture in 1927 and 1928 
Methods 

In order to determine the total moisture, the Bidwell-Sterling direct 
distillation method (1) was employed. This consists of weighing the tis- 
sue immediately after separating it from the plant, plunging it into 
moisture-free toluene, distilling, collecting the resulting water and reading 
the volume of water. 

From the original weight and the volume of distilled water, the per- 
centage of total moisture can be calculated. For plant tissue, since an ap- 
preciable error can easily be caused by exposure of cut surfaces to the air, 
tared weighing bottles were used. An estimated amount of tissue was in- 
troduced into the weighing bottles and tightly stoppered with a ground glass 
cover to prevent loss of moisture. The bottles were brought to the labora- 
tory and weighed, and bottles and tissue were immersed in toluene. A fur- 
ther source of error with this method is the loss of vapor through faulty 
corks during distillation. This was overcome by the use of a composition 
cork manufactured by the Armstrong Cork Company. 

In order to gain an idea as to the accuracy of this method when applied 
to plant tissue, several determinations were made on the same day with beet 
leaf blades grown in the greenhouse. 

It will be seen from table II that the error of the method is small, the 
greatest spread being 1.5 units from the average of six determinations. 


TABLE II 

B idw ell-Sterli no moisture determinations. Lea r blade tissue 

or BEETS GROWN IN THE GREENHOUSE 


Determinations 

Total moisture 


per cent. 

la 

89.6 

b 

90.8 

Ila 

90.8 

b 

90.2 

Ilia 

88.6 

b 

88.1 

Average total moisture, . .. .. 

89.6 


Moisture content of different tissues 

In an endeavor to minimize sampling errors, comparative determinations 
were made on beet leaf blades and petioles ; on beet leaf midribs ; and on the 
remaining portions of the leaves after the midribs were removed. 
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In table III the total moisture contents as found in blades and petioles 
are compared. In order to evaluate the differences found, Student’s 
method (8) has been used. By this method odds of 30:1 are usually con* 
sidered significant. It will be noted that a significant difference was found 
when the midrib was removed from the leaf tissue. 

TABLE III 

Percentages or total moisture in beet tissue grown in the greenhouse 


Leaf blades 

Leap petioles 

Midrib 

Remaining 

portion 

87.3 

86.2 

! 89.8 

92.3 

88.4 

89.8 

1 90.6 

92.0 

88.6 

88.6 

86.5 

86.1 

87.6 

88.9 

, 89.0 

90.7 

89.5 

92.1 

; 89.7 

95.4 

89.9 i 

93.1 

86.6 i 

87.3 

i 


85.8 

89.4 

1 

1 

85.3 

93.9 

Average . . 88.5 

89.8 , 

87.9 

90.9 


Odds .16:1 Odds 79:1 


Further proof of the importance of this procedure is given by the lack 
of significance of odds of 16:1 when leaf blades, containing midribs were 
compared with petioles. An average difference of 3 per cent, total moisture 
was found between midribs and the remaining portions of the blades. Thus, 
to avoid greater sampling error and considering the higher moisture con- 
tent of the midrib, it has been considered wise to remove it in the case of 
crops where the midrib tissue is large in quantity. By this means also a 
tissue with less differentiation is secured and one which is more actively 
concerned with the i>rocesses of metabolism. This latter point is of value 
as in former chemical determinations upon the plant solution, an attempt 
has been made to select tissues which might be considered as localized areas 
of active metabolism. 


Maximum moisture changes 

In order to assemble data concerning the loss of moisture as the plant 
tissue approaches the wilting condition, barley and Swiss chard were grown 
in sand cultures in greenhouse benches. When both crops had grown to an 
average height of approximately 8 inches and good leafy growth was se- 
cured, the areas were divided into equal parts. For each crop, water was 
supplied to one area daily while the other area was not watered. Daily de- 
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terminations of moisture in the leaves of barley and in the half leaves 
(midribs removed) of chard were made. All weighings were made imme- 
diately after severing the leaves from the plants. 

In table IV the total moisture determinations on both crops are given. 
It will be noted that when serious wilting was observed the greatest per- 
centage difference between the watered and unwatered plants was 7.3 per 
cent, with barley and 7.6 per cent, with Swiss chard. In neither case had 

TABLE IV 

Percentage or total moisture in leap tissue or crops grown in the greenhouse 


Date 

Crop 

Tissue 

Watered 

Unwatered 

Difference 

Dec. 30 

Barley 

Entire leaf 

87.4 

87.3 

+ 0.1 

Jan. 11 

Barley 

Entire leaf 

84.9 

83.6 

+ 1.3 

Jan. 12 

Barley 

Entire leaf 

86.4 

83.6 

+ 2.8 

J an. 13 

Barley 

Entire leaf 

85.8 

81.1 

+ 4.7 

Jan. 14 

Barley 

Entire leaf 

84.1 

78.6* 

+ 5.5 

Jan. 18 

Barley 

Entire leaf 

83 S 

82.9 

+ 0.7 

Jan. 20 

Barley 1 

Entire leaf 

84.8 

77.5* 

+ 7.3 

Jan. 16 

1 i 

Swiss chard 

Leaves minus midrib 

| 82.4 

82.8 

| -0.4 

Jan. 17 

[ Swiss chard 

Leaves minus midrib 

89.2 

l 88.9 

f +0.3 

Jan. 19 

Swiss chard 

1 Leaves minus midrib 

, 85.6 

I 81. 9 

i +3.7 

Jan. 31 

Swiss chard 

! Leaves minus midrib 

j 93.9 

j 90.0 

; +3.9 

Feb. 1 

Swiss chard 

1 

I Leaves minus midrib 

91.6 

87.2 

+ 4.4 

Feb. 2 

Swiss chard 

' Leaves minus midrib 

89.8 

j 86.4 

+ 3.4 

Feb. 3 

j Swiss chard 

Leaves minus midrib 

90.8 

83.2* 

| +7.6 


* Plants seriously wilted. 


wilting conditions become severe enough to prevent recovery of turgor when 
water was supplied. Such a degree of wilting, however, is seldom seen 
under mesophytic field conditions such as are usual at the Rhode Island 
experiment station. 

Total moisture fluctuations in 1928 field crops 

In order to study total moisture fluctuations under field conditions, de- 
terminations were made during the growing season of 1928 with leafy tissue 
of beet, tomato, celery, and corn. 

With beet and corn the sampling was done so that the midrib was 
omitted. In sampling each of these crops, a portion of one leaf only, or a 
leaflet, from an individual plant was taken. The number of plants to be 
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sampled was determined by the relative weight of the leafy tissue and varied 
as follows : 


Number of 
plants 


Tomato — leaflets near branch tips 25 

Celery — leaflets near branch tips 25 

Corn — cross-sections near center of lateral half of leaf -blade 50 

Beet — cross-sections near center of lateral half of leaf -blade 30 


These crops were grown under the same nutrient environmental varia- 
tions as have already been described for the 1926 crops. Records of rain- 
fall, soil moisture, and evaporation (by means of standard atmometers) were 
kept. The only correlation found was between total moisture in tissue and 
evaporation, there being a definite depression in the total moisture of 
tomato and com leaves from July 25 to August 10, which was accompanied 
by conditions of quite high evaporation. However, at no time during this 
period was wilting observed in these crops, and the total depression in the 
moisture curve was no greater than 7 per cent. 

In so far as was possible all tissue sampled was kept comparable with 
regard to size of leaf chosen, position on plants, and portion of leaf tissue. 
The effect of progressive maturity upon moisture content became very evi- 
dent with corn. Toward the latter part of the season the percentage of 
moisture became materially less and as a result the standard deviation for 
the entire season is higher than with beet and celery (table V). This is to 
be expected as a very definite drying of the leaf tissue was observed visu- 
ally as the season progressed. 

Referring to table V it will be seen that with the four crops used in this 
study the standard deviations from the mean total moisture over the periods 
studied are very small. From this fact the conclusion may be drawn that 

TABLE V 

Average total moisture in crops grown under field conditions in 1928 


Crop 

Sampling 

period 

Tissue 

Number 

of 

DETER- 

MINATIONS 

Total 

moisture 

Standard 

deviation 

Beet 

weelcs 

Sixth to twelfth 

Leaves minus midribs 

18 

per cent. 
86.8 ± 0.4 

2.7 ± 0.3 

Tomato 

Sixth to fifteenth 

Leaflets near branch tips 

32 

80.8 ± 0.5 

4.1 ± 0.3 

Celery 

Sixth to eleventh 

Leaves minus midribs 

32 

78.5 ± 0.3 

2.7 ± 0.? 

Corn 

Eighth to thirteenth 

Leaves minus midribs 

23 

73.5 ± 0.7 

4.7 ± 0.5- 
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any error brought about in the chemical estimation of the concentration of 
nutrient elements in the plant solution might also be expected to be small. 
On a basis of 300 parts per million of nitrate ion, which is a desir- 
able amount to maintain normal growth as shown in a former paper (3), 
and a maximum total moisture deviation of 5 per cent., an error of 15 parts 
per million would be introduced. Until the methods used in connection 
with studies of plant solutions are refined greatly this source of error may 
be disregarded when considered in connection with crops grown in normal 
mesophytic conditions. 


Summary 

Associated with studies of the quantities of certain mineral nutrient ele- 
ments found in plant tissue solutions under varying conditions of nutrition 
and environment, data have been secured on the fluctuations of moisture in 
the same tissue. 

1. By means of the refractometer, seasonal fluctuations in the percentage 
of water in the extracted tissue solution were studied. 

2. The total moisture content of beet-leaf tissue has been studied and 
comparisons made between the content of blades, midribs, and petioles. 
The difference between the average moisture content of petioles and blades 
was found to be insignificant while midribs contained 3.0 per cent, more 
moisture than the remaining portion of the blade. 

3. A study of the total daily moisture fluctuations in the leaf tissue of 
Swiss chard and barley grown under glass were made. By withholding 
water from a portion of each crop maximum differences of 7.6 and 7.3 per 
cent., respectively, in moisture content was found with both crops when 
wilting conditions were obtained. 

4. Comparisons of soil moisture, evaporation from atmometers, and total 
moisture in leaf tissue were made with crops growing under field conditions. 
Evaporation, alone, showed evidence of correlation with moisture depression. 

R. I. Agricultural Experiment Station, 

Kingston, R. I. 
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THE EFFECT OF pH VALUE ON THE INACTIVATION 
TEMPERATURE OF FRUIT OXIDASE 

W. T. Pong and W. V. Cdtjesb 

The inactivation temperature of the oxidase of fruits is of interest in 
connection with the processing of fruits and fruit products by heat, as in- 
activation of the oxidase is essential to retention of the original fruit color. 

Overholser and Cruess ( 4 ) in 1923 reported that the organic peroxide 
of fresh apple juice was temporarily inactivated by 20 minutes heating at 
73.5° C. and the peroxidase by 20 minutes at 90° C. While the inactivation 
of fruit eatalase by heat was not investigated by us except incidentally, it 
is of interest to mention the results reported by Morgulis, Beber and 
Rabkin (3) who found that the pH value of the medium exerted a marked 
effect on the temperature required for inactivation of catalase from beef 
kidneys. 

Gallagher ( 2 ) has reported on the behavior of the peroxidase of the 
mangold after heating at 100° C. but gives no data on the effect of hydrogen- 
ion concentration. Cruess and Fong (1) have reported preliminary obser- 
vations on the effect of pH value on the inactivation temperature of oxidase 
in certain fruit juices. 

Procedure 

In the experiments reported upon in the present paper we have 
attempted to determine the effect of pH value on the temperature required 
for complete inactivation of the peroxidase and organic peroxide of certain 
fruits, and the effect of pH value on the weakening action of heat on fruit 
peroxidase at certain temperatures below the inactivation temperature. 

In one series of experiments the natural fresh juices were used; in a 
second series the oxidase was precipitated by alcohol and purified by redis- 
solving in water and reprecipitation with alcohol or acetone. Usually three 
precipitations were used. The purified oxidase was dissolved in water and 
diluted to the volume of the original juice. 

The natural juices and the oxidase solutions were brought to various pH 
values and heated at various temperatures differing by 5° C. On cooling, 
the heated liquids were tested for peroxidase by the addition of H 2 0 2 and 
an oxidase indicator, usually benzidine and guaiac. Very acid or alkaline 
solutions, after heating, were adjusted to a pH value in which the indicators 
used were operative before the tests were made. For the complete oxidase, 
i.e,, peroxide and peroxidase, the indicator (usually benzidine) was added 
without H 2 Oj ; a positive reaction indicated the presence of organic peroxide 
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as well as organic peroxidase. In some experiments the approximate in- 
activation times of the catalase at various temperatures were also de- 
termined. 

Inactivation temperature 

In preliminary experiments with prune juice of pH 5.0, pear juice of 
pH 4.5 and peach juice of pH 3.5 it was found that the peroxidase, catalase 
and organic peroxide of the peach juice were inactivated at a considerably 
lower temperature than in the prune and pear juices. It appeared that the 
lower pH value of the peach juice might account for the observed difference 
in resistance of the oxidase and catalase to heat. 

Portions of these three juices and of fresh fig juice were brought to vari- 
ous pH values. The approximate inactivation temperatures of the peroxi- 
dase, organic peroxide and catalase were determined and found to depend 
upon the pH value of the juices and not upon the variety of fruit used. 

In order to test this finding further several varieties of fresh fruit juices 
were brought to various pH values by the addition of citric or tartaric acid, 
NaOH or NaHC0 3 as required. Portions of 10 cc. were heated for 10 min- 
utes at 5° C. intervals of temperature, e.g. 40° C., 45° C., 50° C., etc., and 
the approximate inactivation temperatures determined. In other experi- 
ments the peroxidases of apricots and of peaches were precipitated with 
ethyl alcohol and purified by reprecipitation by alcohol from water solution. 
The purified peroxidases were dissolved in water, brought to various pH 
values, and the approximate inactivation temperatures determined as previ- 
ously described. 

In order to conserve space a summary only of the data will be given. 

Prune 1 peroxidase in the natural juice at pH values of 2.4—2.8 was in- 
activated at less than 50° C. ; that of pH 2.0 was inactivated at room tem- 
perature; at pH 3.1 it was inactivated at 70° C. ; at pH 4.5, 90° C. was 
required for inactivation; at pH 5.0, 95° C. and pH 6 and 7, 100° C. 

The peroxidase from green dates was somewhat more resistant. The 
peroxidase in tomato juice required the following temperatures for inacti- 
vation at the pH values indicated : 2.0, room temperature ; pH 2.8 less than 
50° C. ; pH 3.0 and 3.4, 80° C. ; pH 3.6, 3.8, 4.0 and 4.5, 95° C. ; 6.0 and 7.0, 
100° C. ; and pH 8, 95° C. The peroxidase in fresh apricot juice required 
the following temperatures for inactivation at the pH values indicated : pH 
2.6, approximately 40° C. ; pH 2.8, 40-50° C.; pH 3.0 and 3.2, 60° C.; pH 
3.5, 80° C.; pH 3.6, 90° C.; pH 4.0, 93° C.; pH 7.0, 98-100° C.; and at pH 

i In this and following experiments the temperatures given are approximate as the 
temperature interval was 5° C. Thus an “ inactivation temperature ’ ’ of 50° C. signifies 
that the enzyme survived 45° C. but not 50° C. 



PONG AND CRUESS: FRUIT OXIDASE 


539 


10, 70-75° C. The purified peroxidase from apricots gave results similar 
to those given for the natural juice, although the purified oxidase was notice- 
ably less resistant than that in the natural juice. 

For the peroxidase in the natural juice expressed from ground peaches 
previously held in freezing storage, the following approximate inactivation 
temperatures were obtained: pH 2.6, 40° C. or less; pH 2.8, 50° C.; pH 3.0, 
60° C.; pH 3.2, 80° C.; pH 4.0, 95° C.; pH 7.0, 100° C.; pH 8.0, 90° C.; 
pH 10, 85° C. ; pH 12, room temperature. With the purified peroxidase 
the inactivation temperatures were somewhat lower, in' general about 5° C. 
lower than for the peroxidase in the natural juice. The juices of bananas 
and pears behaved similarly to those of apricots and peaches. 

The peaches exhibited a much stronger peroxidase reaction than did the 
apricots, which may account for the greater observed resistance to heat of 
the peroxidase in the peach juice. 

The organic peroxide in the juices of peaches, apricots, pears, and prunes 
generally exhibited a heat resistance similar to that for the peroxidase; 
although in some instances probably owing to its low concentration in these 
cases, it was slightly less resistant to heat than the peroxidase. Whether it 
was destroyed by heat or whether the 0 2 of the peroxide complex was merely 
consumed was not determined definitely, although allowing the heated juices 
to stand 24 hours did not result in reformation of the organic peroxide. In 
some cases there was evidence that, after 24-36 hours, the apparently in- 
activated peroxidase had regained some of its original power to produce a 
positive test (faint) with benzidine plus dilute H 2 0 2 . 

All of the juices tested at pH 2.0 were inactivated at room temperature ; 
that is, after addition of NaHC0 3 to juice previously of pH 2.0, and thus 
bringing it to pH 7-8, tests with H 2 0 2 plus benzidine and guaiac tincture 
were negative; similarly, with 24 hours’ contact, there was found to be in- 
activation of the peroxidase at pH 12 at room temperature. 

Our data indicate that the inactivation temperature of the peroxidase in 
the juices of apricots, peaches, pears, prunes, bananas, tomatoes, avocados 
and dates is markedly affected by the pH value of the juice. The resistance 
increased in general from a pH value of pH 2.0 to 7.0 and decreased from 
pH 8.0 to 12.0. Between pH values 3.0 and 4.5 the resistance to heat in- 
creased very rapidly, and from 4.5 to 7 slowly, or remained fairly constant. 
Temperatures above 100° C. were not used. 

The organic peroxide behaved similarly to the peroxidase except for the 
fact that at pH values above 8 the organic peroxide appeared to have decom- 
posed because of the alkalinity of the medium and failed to give positive 
tests even in the unlieated samples. 
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. Effect of pH value on weakening action of temperature on 
fruit peroxidase 

Apricot juice was brought to pH values of 3.7, 5.2, 7.8 and 9.2. 100-cc. 
portions of juice of each pH value were heated to 50, 60, 78, 95 and 100° C. 
for 5 minutes. After heating and cooling, the juices were brought to 
approximately the same pH value. They were divided into 10-cc. portions, 
and a small amount of 0.3 per cent. H 2 0 2 and the following peroxidase indi- 
cators were added: pyrogallol, hydroquinon, guaiacol, benzidine, p-amino- 
phenol, o-amino-phenol and alpha naphthol. Using the unheated samples 
as checks, the depth of color of the various indicators was measured com- 
paratively after 5 hours and after 48 hours in a Klett colorimeter. 

At pH 9.2 some of the indicators oxidized spontaneously even in the 
boiled samples. Guaiacol and benzidine were not so affected. The data for 
the benzidine indicator is given in table I. The untreated juice of pH 7.8 
was used as the basis of comparison. As the readings of the colorimeter 
vary inversely with the depth of color, the reciprocals of the readings mul- 
tiplied by 1,000 are given in the table. These are calculated to the basis 
of 100 for the untreated check of pH 7.8. The readings given were taken 
after 5 hours’ standing; the readings taken at this time appeared to be more 
definite than those taken at shorter or longer intervals. 


TABLE I 

Colorimeter determination or peroxidase, with benzidine indicator 


Temperature 

AT WHICH 

SAMPLE was 

HEATED 

pH VALUES AND COLORIMETER READINGS 

pH 3.7 

I pH 5.2 

1 

pH 7.8 I 

pH 9.2 

Room .. 

110 

140 

100 ■ 

91 

50° C 

100 

, 110 

100 

82 

60° C. 

91 

110 

100 

. .. 

78° C - 

0 

96 

55 

53 

95° C 

0 

10 

50 

53 

100° C. 

0 

! 0 

1 

0 

i 

0 


The results with guaiacol were similar to those reported above for benzi- 
dine, although owing to the fact that it is not so easily oxidized as benzidine 
the apparent inactivation temperatures were lower than those indicated for 
benzidine. In general the decrease in activity of the peroxidase at a given 
pH value with progressive increase in temperature appears to be somewhat 
abrupt instead of gradual. However, there is some evidence of a gradual 
reduction in activity. At pH 7.8, 9.2 and 3.7 the oxidase was apparently 
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somewhat weakened by the reaction of the medium, or the benzidine pH 
optimum lies near 5.2. At pH values of 5.2 and 7.8 there was also consid- 
erable indication, with hydroquinon and pyrogallol indicators, that the 
decrease in activity of the oxidase with increase of temperature of heating 
was gradual. 

Summary 

The temperature required for the inactivation of the peroxidase of apri- 
cots, pears, peaches, prunes, figs, lemon peel, tomato, banana and dates was 
found to vary with the hydrogen-ion concentration. Resistance to heat was 
greatest in the range of pH 5 to 7. Resistance decreased with decrease in 
pH value between pH 5 and 2, and decreased with increase in pH value 
between pH 8 and 12. At pH 12 and pH 2-2.2 the peroxidase was inacti- 
vated at room temperature in 24 hours or less. 

The organic peroxide behaved similarly to the peroxidase between pH 2 
and 7. At pH values above pH 8 the organic peroxide failed to give posi- 
tive tests. There was considerable evidence that the inactivating effect of 
temperature at any given pH is progressive rather than abrupt. 

Fruit Products Laboratory, 

University of California. 
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BRIEF PAPERS 


JOANNES BAPTISTA VAN HELMONT 
(with one plate and two figures) 

Plant physiology owes to the alchemist, Van Helmont, plate V and fig. 
2, the introduction of the experimental method which he first used to deter- 
mine the substances actually entering into the composition of plants. Van 
Helmont was an investigator of highest rank and the most eminent chemist 
of his time. His early training in medicine gave him an interest in the 
physiology of both plants and animals. In his study of the composition of 
organisms he came to the conclusion that water was the chief constituent. 
He arrived at this opinion both from experiments on the production of 
water by distillation in the analysis of organisms, and from his famous ex- 
periment on the production of plant substance by synthesis from water. 
The proof in his experiment rests on his belief that he had excluded all 
other sources of nutriment by checking the weight of soil substances ab- 
sorbed. One understands quite readily, therefore, how he became convinced 
of the transformation of water into plant substance. However erroneous 
his deduction has proven to be, his experiment was well planned and his 
conclusion was logical on the basis of the information existing at that time 
on the nature of gases and the composition of the atmosphere. His son, 
Franciscus Mercurius Van Helmont (see figures 1 and 2) has described 
this experiment in the collected works of the elder Van Helmont, which he 
published in 1648 under the title “Ortus Medicinae vel Opera et OpuscvJa 
Omnia 99 as follows: 

“1 took an earthen vessel in which I put 200 pounds of soil dried in 
an oven, then I moistened with rain water and pressed hard into it a shoot 
of willow weighing five pounds. After exactly five years the tree that had 
grown up weighed 169 pounds and about three ounces. But the vessel had 
never received anything but rain water or distilled water to moisten the soil 
when this was necessary, and it remained full of soil, which was still tightly 
packed, and, lest any dust from outside should get into the soil, it was cov- 
ered with a sheet of iron coated with tin but perforated with many holes. 
I did not take the weight of the leaves that fell in the autumn. In the end 
I dried the soil once more and got the same 200 pounds that I started with, 
less about two ounces. Therefore the 164 pounds of wood, bark, and root 
arose from the water alone.” From the translation in E. J. Russell, “Soil 
Conditions and Plant Growth” of his “Opera Omnia Complexionum atque 
Mistionum Elementalium FigmentumV 
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Van Helmont was born of a noble Brabantine family at Brussels in 
1577 and died on his estate at Vilvorde near Brussels in 1644. His life for 
the greater part was that of a scholar, working in quiet. His great knowl- 
edge of chemistry brought him many enticing offers from princes for his 



Fig. 1. Fhanciscus Mercurjus Van Helmont. From the painting by Sir Peter Lely, 
in the National Portrait Gallery, Trafalgar Square, London. Published by 
permission of the British Museum. 


services, but owing to his excellent family connections and brilliant circum- 
stances, he was able to devote without interruption his great energies to 
experiments in his own private laboratory. At an early age he studied 
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philosophy and theology and became engrossed in mysticism and the al- 
chemistic writings. His unusually keen mind, however, soon recognized the 
weaknesses of the Aristotelian doctrine, that matter was composed of four 
elements: earth, fire, air, and water. He denied that fire could be of a 
material nature. It is hardly possible that he regarded air as a chemical 
element, for he was the first to characterize gaseous substances as differing 



Fio. 2. Photograph from the memorial window in the alchemists’ laboratory of the 
Deutsches Museum, Miinchen, Deutschland. The armorial bearings of the 
Van IlEiiMONT family from this window has been included. 


in properties. He described hydrogen and methane as peculiar varieties of 
air. He showed that carbon dioxide could be produced from limestone or 
ashes by treatment with acids, from burning coal, and in the fermentation 
of wine and beer. He termed carbon dioxide “gas sylvestre” because he 
could not condense it. He introduced the term “gas,” possibly having in 
mind the production of such substances during fermentation, the Dutch, 
verb which means “to ferment” being “gisten.” 
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He considered fermentation as the principal cause of digestion. He 
held that the acidity of the medium regulated the action of the body fluids, 
and showed that the acid of the gastric juice favored digestion. He com- 
pared the interactions of various digestive juices which mingle with one 
another with similar reactions of solutions outside of the organism, and thus 
laid a foundation for chemical physiology. He was a real contributor of 
fundamental research in a dark age of science. 

A biography was published in 1922 by H. Stanley Redgrove and I. M. L. 
Redgrove, under the title “Joannes Baptista van Helmont.” — R. B. 
Harvey, University of Minnesota,. 



NOTES 


Des Moines Meeting. — The program committee, under the chairman- 
ship of Dr. W. E. Loomis, and with the assistance of the officers of the 
American Society of Plant Physiologists, is engaged in arranging the pro- 
gram for the Des Moines meeting. The sessions will be held on December 
30 and 31, 1929, and January 1, 1930. Members are urged to attend this 
meeting if at all possible. 

With the increase in size of the Society the Des Moines meeting should 
be the best yet held. A joint meeting with the Horticultural Society is 
to be held on Tuesday morning, December 31 ; and Wednesday afternoon, 
January 1, 1930, is reserved for a joint session with Section G of the Ameri- 
can Association for the Advancement of Science. 

Special attention is being given to the annual dinner, which has been 
planned for the evening of January 1, 1930, if no serious conflicts arise, 
and it is hoped that all members in attendance will reserve this date. Two 
special features of the dinner program will be the first award of the 
Stephen Hales Prize, and the fourth award of the Charles Reh> 
Barnes Life Membership. There will also be a brief talk by the President 
of the Society, and probably an illustrated address by Dr. L. G. M. Baas- 
Becking, Director of the Jacques Loeb Laboratory of the Hopkins Marine 
Station of Stanford University, on the work of the Laboratory. 

Let us all cooperate to make the coming Des Moines meeting a live and 
enthusiastic affair, and a real contribution to the cause of plant physiology. 
There are two things that each member can do to make the meeting a great 
success. One is to attend the meeting ; the other is to take active part in 
the discussion of the papers presented. The Society has already established 
fine traditions for its meetings, and it hopes to maintain the standards thus 
established. 

Foreign Members. — Plant physiologists residing in foreign lands are 
eligible to membership in the American Society of Plant Physiologists, and 
our foreign members are invited to interest their friends and colleagues 
in such membership whenever it is possible. The dues are only slightly 
larger than for North American members, to cover a part of the additional 
postage. Those who desire membership should address Dr. H. R. Kraybill, 
Purdue University, Lafayette, Indiana. 

Portrait of Van Helmont. — Again we are pleased to be able to an- 
nounce that copies of the J. B. Van Helmont portrait are available for 
those who desire them for framing. The group of four, Timiriazeff, 
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Sachs, Pfeffee, and Van Helmont, may be obtained for 48 cents, postage 
paid. Orders may be sent to the editor of Plant Physiology, with stamps 
or cash accompanying the order. 

Manuscripts. — Members of the Society are invited to assist the Editorial 
Board to secure a larger volume of high class manuscripts for publication 
in Plant Physiology. During the last year the manuscripts have been 
used up very closely each quarter, and with the October number we present 
all of the material which was available on September 15, 1929. 

The Society is financially able to publish a somewhat larger volume 
than the current one, but cannot do so unless the manuscripts are forth- 
coming, and will not do so unless they are of high enough quality. Such 
assistance as the members may be able to render will be greatly 
appreciated. 

Errata. — A few errors have been found in this volume of Plant Physi- 
ology, and the corrections are placed at the close of the Table of Contents. 
It is suggested that corrections be entered at the places where the errors 
occur. The occasional assistance of readers in detecting such mistakes is 
greatly appreciated. 

Fan Chi Kung. — It is with much regret that we announce the death of 
another member of the Society. The account of Mr. Rung's life which 
is here presented has been furnished by Prof. Louis DeVries, adviser to 
foreign students at Iowa State College, Ames, Iowa. 

Mr. Fan Chi Ktjng was born on August 24, 1900, at Chengtu, Szechwan, 
China. Both of his parents died early and he was brought up by his 
grandfather, who died when he was 14 years old. He was then supported 
by his uncle. He entered the Junior Middle School of the Tsing Hua 
College, Peking, in the fall of 1915. He was graduated from the Tsing 
Hua College in the spring of 1923. During those eight years in Tsing 
Hua, he was Class President once, and held many other offices at other 
times. He w 7 as a member of the Executive Committee of the Tsing Hua 
Students' Association during the Student Movement in 1919. He came 
to the United States in the fall of 1923, and after staying in Cornell Uni- 
versity for a time, he was transferred to Iowa State College, where he 
took up pomology, and from which institution he graduated in the summer 
of 1926. 

Following his graduation at Iowa State College, he entered the Uni- 
versity of Chicago, and spent a year as a postgraduate student in Plant 
Physiology. During the fall and winter of 1927 he was engaged in a study 
of the fruit industry in California, and in the spring of 1928 came back 
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to Iowa State College as a graduate assistant in the Pomology Section of 
the Iowa Agricultural Experiment Station, which position he held at the 
time of his death, which resulted from a car accident in the evening of 
July 4, 1929. He died that same night at 11: 00 P.M. in the College Hos- 
pital. Burial took place in the College Cemetery. 

During these few years in the United States he was Secretary of the 
U. S. Branch of the China Agricultural Association. He was also elected 
President of the Ames Cosmopolitan Club. 


Physiological Basis of Drought Resistance. — In noticing the excellent 
-work of Maximow in the July number of Plant Physiology, an unfor- 
tunate error was made in quoting the price. The book is published under 
the title “The plant in relation to water,” is handled in this country by 
the Macmillan Co., and the price is $6.50. The editor regrets the mis- 
take. The book is worthy of a place in every physiologist’s library. 

Outlines of Biochemistry. — A book of unusual value to students of the 
biological sciences has been prepared by Dr. Ross Aiken Gortner, Pro- 
fessor of Agricultural Biochemistry at the University of Minnesota. The 
“Outlines of Biochemistry” is the outgrowth of the work of the Division 
of Agricultural Biochemistry over a period of nearly 20 years, and rep- 
resents a rich harvest of experience in handling this subject for students 
of the non-medical biological fields. It is particularly fortunate that the 
final choice of material and manner of presentation rested with Dr. 
Gortner, for he is not only an active investigator with years of first hand 
experience with the problems of biochemistry, but is also an able and 
inspiring teacher, who understands the importance of clear exposition. 
It was the writer’s privilege and pleasure several years ago to attend many 
of the lectures which are now summarized in this book, and a great service 
has been rendered in giving them permanent form. 

There are seven sections to the book, the first of which, consisting of 
ten chapters, deals with the colloid state of matter. This section occupies 
almost 300 pages, and the author is particularly at home in connection 
with the colloidal properties of matter which are of greatest interest to 
biological students. The succeeding sections consider the proteins; carbo- 
hydrates and allied compounds; tannins; plant pigments; fats, lipides, and 
essential oils ; and the biocatalysts. Following the 734 pages of text, there 
are general references to the literature of each section, an author index 
containing more than a thousand names, and an ample subject index, 
bringing the volume to 793 pages. Every chapter is replete with interest. 
The plant physiologist will be especially pleased at the amount of material 
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that applies more or Jess directly to his field. The publisher's list price 
is $6.00, and orders for the book should be addressed to John Wiley and 
Sons, New York. 

Electrostatics in Biochemistry. — With the title “ Elektrostatik in der 
Biochemie,” a course of lectures offered at the University of Basel in 
October, 1928, is now issued in book form. They were originally published 
in the Kolloidchemische Beihefte, Yol. 28, Hefts 7-10. In addition to 
the introductory lecture and the final section of discussion, there are 18 
lectures, dealing with electrostatics, electric potentials and their measure- 
ment, making of microelectrodes, pH determinations, vital staining, dis- 
persity and particle size, dielectric constants, etc. Fourteen of the lec- 
tures are by members of the University of Prag, two from Graz, two from 
Basel, and one from Leipzig. It furnishes a satisfactory introduction to 
the field of electrostatics in biology. The publisher is Theodor Steinkopff, 
Dresden and Leipzig. 

Physical Components of Plant Transpiration. — The second monograph 
from the field of scientific botany is entitled Die physikalische Komponente 
der pflanzlichen Transpiration. The author is Dr. A. Seybold, of Koln, 
and the publisher Julius Springer, Berlin. This little monograph, dedi- 
cated to the memory of Sachs, presents the subject of transpiration in four 
chapters. The first deals with the physical basis of transpiration, evapora- 
tion in moving and still air, diffusion through models and porous systems, 
theory of psychrometers, etc. The second chapter takes up the quantitative 
aspects of water loss, with special reference to different types of plants. 
The third chapter considers the energy changes involved in the process, 
and the final chapter is a critical consideration of Schimper's theory of 
restricted transpiration of xerophytic plants. A concise summary of 7 
pages concludes the work. It is a good summary for those interested in 
the problems of water loss from plants. The price in brochure form is 
RM 26. 
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